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THE marked disagreement, among well-recognized chemists, in 
the determination of thorium in monazite sand, seemed sufficient 
to warrant a more careful investigation of the methods now exist- 
ing for its determination, and it was with this object in view that 
the following work was undertaken. 

By thorium, is meant the element as it was generally understood 
before the more recent researches of Brauner and Baskerville, 
which point quite conclusively toward the isolation of a new 
element from what is now generally called thorium. 

REVIEW OF METHODS. 

Among the methods proposed for the separation and purifica- 
tion of thorium, the following may be mentioned as the most im- 
portant. 

Bahr? was the first to notice that thorium oxalate was soluble in 
a hot concentrated solution of ammonium oxalate. Since that 


1 Read at the meeting of the New York Section of the American Chemical Society, 
June 6, 1902. 
2 Ann. Chem. (Liebig), 132, 231 (1864). 
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time numerous investigators, namely, R. Bunsen,’ C. Glaser,’ 
Hintz and Weber® and others, have attempted to perfect the sepa- 
ration and have found that a complete separation of thorium from 
the other rare earths, in the form of oxalates, cannot be made by 
one extraction with a hot concentrated solution of ammonium 
oxalate, but that the operation has to be repeated several times. 

The separation of thorium from the other rare earths by using 
sodium thiosulphate was first proposed by Chydenius* and later 
worked by Hermann,® Drossbach,® Hintz and Weber,’ and others. 

The separation is based’on the fact that thorium is precipitated 
from a neutral or slightly acid solution, by sodium thiosulphate, 
while cerium and the other rare earths remain in solution. 

As was pointed out by Chydenius* and also Glaser,’ the pre- 
cipitation is not complete in one operation, but by reprecipitating 
the filtrate with ammonia, converting this into the chloride and 
reprecipitating with sodium thiosulphate (repeating as long as a 
precipitate is obtained with sodium thiosulphate), a complete 
separation is obtained. 

Hintz and Weber” say the separation works best in dilute solu- 
tions and in the presence of two or three drops of dilute hydro- 
chloric acid and give this method preference. 

Cleve™ was the first to show that thorium could be precipitated 
by hydrogen peroxide from a sulphate solution, and that the pre- 
cipitate had the composition represented by the formula Th,O,SO,. 

Boisbaudran’” also used hydrogen peroxide as a precipitant 
about the same time. 

Wyrouboff and Verneuil*® carried the investigation a little 
farther and showed that an analogous precipitate of thorium could 
be obtained from a solution of the nitrate (i. e., Th,O,N,O,) and 


1 Pogg. Ann., 1§5, 380 (1875). 

2 Ztschr. anal. Chem., 36, 213 (1897). 

8 Jbid., 36, 27 (1897). 

4 Pogg. Ann., 119, 46. 

5 J. prakt. Chem , 93, 106. 

6 Ztschr. angew. Chem., (1901), p. 655. 

7 Ztschr. anal. Chem., 36, 676 (1897) ; [bid., 35, 525. 
8 Loc. cit. 

9 Chem. Ztg., 20, 612 (1896). 

10 Loc. cit. 

1 Bull. Soc. Chim., 43, 53 (1885). 

12 Compt. rend., 100, 605. 

18 Jbid., 126, 340 (1898). 
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that it gave a complete separation of thorium from the other rare 
earths. 

Kosmann! separated the greater part of the didymium salt from 
the crude material, as sulphate. Then he separated thorium from 
cerium, lanthanum and didymium by successive treatment of the 
acid solution with hydrogen peroxide solution, an acid-ammonium 
citrate solution, and ammonia. A precipitate of aluminum phos- 
phate and thorium hydroxide was formed which was afterwards 
separated by oxalic acid. 

Various other methods which are well worth mentioning are: 
Urbain? used acetylacetonate of sodium. Chavastelon* separated 
thorium by means of sodium sulphite. Boisbaudran* precipitated 
thorium, after reducing the cerium, with cuprous oxide. Dennis® 
used potassium nitride. Delafontaine® separated thorium from 
zirconium by fusion with potassium acid fluoride and leaching 
out the double potassium-zirconium fluoride with hot water. 
Muthmann and Baur’ employed potassium chromate. Kersten® 
based a method upon the difference in solubility of the oxides in 
hydrochloric acid. Nilson® precipitated the hydrated sulphate of 
thorium. 

Undoubtedly the best method which has yet been published for 
the complete analysis of monazite is that of Glaser.’ 

Benz,*! in a recent article, makes a very careful study of the 
methods now employed for the analysis of monazite (the ammo- 
nium oxalate, thiosulphate and hydrogen peroxide methods) and 
gives a good comparison of their accuracy. 

He finds that one digestion of the mixed oxalates with even a 
large excess of ammonium oxalate is insufficient to bring into 
solution all the thorium; on the contrary he finds that only about 
one-half the thorium is dissolved, and that after repeated diges- 
tions considerable cerium is brought into solution. 


1 Chem. Centrbl., (1897), Part 1, 837. 

® Bull. Soc. Chim., 1§, 347 (1896). 

3 Chem. Centrlbl., 1, 876 (1900). 

4 Chem. News, §0, 201 (1884) ; also Compt. rend., 99, 525 (1884). 
5 Am. Chem. J., 16, 79 (1894) ; also This Journal, 18, 947 (1896). 
® Chem. News, 7§, 230 (1897). 

7 Ber. d. chem. Ges., 332, 2028 (1900). 

5 Pogg. Ann., 47, 385 (1839). 

9 Ber. d. chem. Ges., (1882), p. 2521 ; /brd., (1887), p. 1666. 

10 This Journal, 18, 789 (1896). 

ll Ztschr. angew. Chem. (1902), p. 297. 
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With the thiosulphate method he gets very good results after 
three or four precipitations, and obtains the thoria almost without 
a trace of cerium. ‘This, however, has the disadvantage of being 
extremely long. 

Hydrogen peroxide, as he shows, precipitates thorium completely 
from a neutral solution, or from a solution very faintly acid with 
nitric acid. It also separates thorium from cerium and lanthanum 
by one reprecipitation. 

EXPERIMENTAL, 
VARIOUS PRECIPITANTS TRIED. 

As very few weak organic acids have hitherto been employed 
for the separation of thorium from its associated rare earths, the 
following were tried: 

Maleic Acid.—Aqueous solutions of maleic acid with thorium 
cerium, lanthanum and didymium give no precipitate hot or cold. 
Solutions of cerium, lanthanum and didymium in 50 per cent. alco- 
hol, give nothing hot or cold. A solution of thorium in 50 per. 
cent. alcohol, gives no precipitate in the cold, but on heating, a 
partial precipitation results. 

Cinnamic Acid produces at least a partial precipitation of 
thorium from 20 per cent. alcoholic solutions. The precipitate 
cannot be filtered (runs through) and for this reason the complete- 
ness of the precipitation was not determined. Cerium, lanthanum 
and didymium give nothing under the same conditions. 

Picric Acid and thorium, in alcoholic solutions, give a partial 
precipitation of thorium. Cerium, lanthanum and didymium give 
no precipitate under these conditions. 

Phthalic Acid in aqueous solution with cerium, lanthanum and 
didymium gives nothing cold or hot. Thorium, however, in 
aqueous solution with phthalic acid gives a partial precipitation on 
heating. From alcoholic solutions a heavy curdy precipitate re- 
sults on heating, and is approximately half complete. Cerium, 
lanthanum and didymium in alcoholic solutions with phthalic acid 
give no precipitate. 

Fumaric Acid.—Aqueous solutions, hot or cold, give nothing 
with cerium, lanthanum or didymium. Thorium and fumaric acid 
in aqueous solutions give a precipitate in the cold, which forms 
slowly, but on applying heat the precipitate forms rapidlv 
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(white, flocculent) , settles out nicely, and is almost complete. 
From solution in 95 per cent. alcohol, fumaric acid precipi- 
tates thorium quantitatively even in .the cold. Cerium and 
fumaric acid in 95 per cent. alcohol give no precipitate in the 
cold, but, on heating, a small fraction of the cerium is thrown 
down. Lanthanum and didymium in 95 per cent. alcohol give 
nothing cold or hot. From solutions in 40 per cent. alcohol, 
fumaric acid gives a quantitative precipitation of thorium on heat- 
ing; lanthanum and didymium under the same conditions give 
nothing. Cerium in 40 per cent. alcohol gives, with fumaric acid, 
nothing cold or hot, unless the cerium solution is quite strong, 
when a very small fraction is precipitated. 


Ammonium Fumarate precipitates thorium, cerium, lanthanum 
and didymium from aqueous solutions, insoluble in excess, soluble 
in mineral acids. 

Among the amido and amino compounds tried were: 

Urea gave nothing. 

Thiourea gave nothing. 

Acetamide gave nothing. 

Semicarbazine gave nothing. 

Succinimide gives no precipitation of cerium, but gives a partial 
precipitation or thorium from alcoholic solutions. 

Diethylamine precipitates thorium, cerium, lanthanum and 
didymium. 


THE QUANTITATIVE PRECIPITATION OF THORIUM BY FUMARIC ACID. 


From the experiments given on a preceding page it was now 
evident that thorium could be precipitated quantitatively from 
alcoholic solutions, leaving cerium, lanthanum and didymium in 
solution. It was desirable to know the smallest quantity of alcohol 
necessary to effect this precipitation, and still leave the cerium, . 
lanthanum and didymium in solution. This strength was reached 
when the solution contained 40 per cent. of alcohol. 

The following results will show the completeness of the precipi- 
tation from the various strengths of solution: 
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ThOo. 
Alcohol. Volume, - p 
Per cent. ce. Taken. Found. 
15 150 0.1568 0.1508 
35 150 0.1568 0.1551 
40 200 0.1961 ‘ 0.1962 
40 150 0.1568 0.1561 
40 120 0.1176 0.1176 
40 120 0.2007 0.2003 
4o 100 0.1004 0.1006 
4o 120 0.1176 0.1179 
4o 200 0.1961 0.1962 
SEPARATION OF ‘THORIUM FROM CERIUM, LANTHANUM AND 


DIDYMIUM. 


The salts used for the experiments were the best nitrates that 
could be purchased, and the thorium nitrate was purified according 
to the method suggested by Wyrouboff and Verneuil* which is as 
follows : 

Eighty-three grams of the nitrate, corresponding approximately 
to 39 grams of thoria, were dissolved in 8 liters of water. The 
solution was divided equally in twelve beakers and precipitated. 
with hydrogen peroxide (10 cc. hydrogen dioxide for every 0.5 
gram thorium dioxide). The solutions were then heated to 85° 
C. and allowed to settle. The precipitates were washed a dozen 
times by decantation with hot water, and then transferred to a 
large Biichner funnel, and the washing continued until the filtrate 
gave no precipitate with ammonia. The precipitate was then 
transferred to a large porcelain evaporating dish and 150 cc. of 
concentrated nitric acid added; heat was applied and the whole 
went into solution readily. The solution was evaporated to dry- 
ness, taken up in water, diluted to 8 liters, and the process re- 
peated. The filtrate from the hydrogen peroxide precipitation 
was treated with ammonia and hydrogen peroxide, giving a brown 
precipitate of cerium trioxide. This precipitate of cerium perox- 
ide was examined for lanthanum and didymium, but none could be 
detected. 

A stock solution was made of this purified thorium nitrate and 
standardized very carefully by precipitation with oxalic acid. This 
was the thorium used for the experiments. A cold saturated 
solution of fumaric acid in 40 per cent. alcohol” (containing ap- 
proximately 0.1 gram per 10 cc.) was used as the precipitant. 

1 Compt. rend., 126, 4, 340 (1898). , 
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METHOD OF ANALYSIS. 


Make the solution of the neutral nitrate 40 per cent. alcohol 
(volume about 150-175 cc. with 0.1 to 0.2 gram thorium dioxide 
and about the same amount of admixed oxides), then add 12 to 15 
cc. of fumaric acid solution (about 0.10 gram per 10 cc.) for each 

‘O.I gram thorium dioxide and heat to boiling (75° to 80° C.) ; 
allow to stand a few minutes until the precipitate settles, then 
filter (while still hot) through a long stem funnel, or by suction. 
Wash the precipitate four or five times with hot 40 per cent. alco- 
hol, then put paper and precipitate into a platinum crucible, ignite, 
and weigh as thorium dioxide. A number of analyses were made 
in this way using mixtures of thorium with cerium, lanthanum 
and didymium and it was found that the thorium invariably car- 
ried with it an appreciable quantity of the impurity which could 
not be washed out, nor could it be prevented by the addition of 
such salts as ammonium chloride, ammonium nitrate, etc. 

A few results will show the extent to which these impurities are 
carried down. ? 





Fumaric ThOs. 
acid. Volume. s 
CeOs. Ta2O3. DigO3. ce. cc. Taken. Found. 
O:2000. <seesi save 25 150 0.1725 0.1730 
O.2ROE teense. Wess 25 150 0.1961 0.1982 
Sewers 0.2000 saad 25 150 0.1921 0.1941 
acts 0.2000 aia’ 25 150 0.1961 0.1990 
capes 0.2000 seece 25 150 0.1882 0.1907 
menage 0.2000 altars 25 150 0.1961 0.1978 
Scene) eens 0.2000 25 150 0.1961 0.1992 
etees catieni 0.2000 25 150 0.1961 0.1972 
esses! Liswamls 0.2000 25 150 ~=—- 0. 1882 0.1901 
ee eer se 0°2000 25 150 0.1961 0.1979 


Reprecipitation was next tried, and gave very satisfactory re- 
sults. For this reprecipitation it is only necessary to dissolve the 
precipitate of thorium fumarate (formed by the first precipitation ) 
off the filter in hot dilute hydrochloric acid—or better, place the 
paper and precipitate back into the beaker, add a little dilute hy- 
drochloric acid, heat, then filter off the paper—and evaporate to 
dryness on a water-bath. During the process of this evaporation 
some of the salt adheres to the sides of the beaker, but this is easily 
obviated by shaking the beaker occasionally and washing down 
with a few drops of water from a wash-bottle. 











903 FLOYD J. METZGER. 


When the residue is free from acid (better add a few cubic 
centimeters of water and evaporate a second time), add about 50 
cc. water (leaving the beaker on the water-bath) and stir the resi- 
due loose from the bottom with a rubber-capped stirring rod; 
some carbonaceous matter from the fumaric acid, partly decom- 
posed, and also some fumaric acid and a trace of thorium fumarate 
will remain insoluble at this point, but need not be regarded. Add 
alcohol sufficient to make the solution 40 per cent., dilute to the 
proper volume wth 40 per cent. alcohol, add a little fumaric acid 
(8 to 10 cc.) and precipitate as before; wash, ignite and weigh. 

Hydrochloric acid was used instead of nitric for the solution of 
the thorium fumarate, for the reason that nitric acid formed, on 
evaporation, a deposit which was practically insoluble in water. 

The following results will show the accuracy of the separation : 





Fumaric ThOs. 
acid. Volume. — < 
CeO. TaeOx. DiceOs. ce. ce. Taken. Found. 
Ree rsh e cose. 25 150 0.1961 0.1966 
ONS iat cess 25 150 0.1961 0.1957 
sees 0.2000 Siecle 25 150 0.1961 0.1964 
cadens 0.2000 rrr 25 150 0.1961 0.1959 
Rrra Wen Peery 0.2000 25 150 0.1961 0.1965 
Semitic: eens 0.2000 25 150 0.1968 0.1965 


Mixtures of thorium, cerium, lanthanum and didymium were 
then made in the proportions in which they are usually found in 
monazite sand, and analyzed the same as above with these results : 


Fumaric ThOs. 
. acid. Volume. ——_ 
CeO.. TagO3. DisO3. ce. ce. Taken. Found. 
0.283 0.133 0.157 fe) 175 0.0557 0.0558 
0.283 0.133 0.157 25 200 0.0572 0.0571 
0.283 0.133 0.157 10 175 0.0572 0.0574 
0.283 0.133 0.157 Io 175 0.0557 0.0558 
0.566 0.266 0.314 15 350 O.1TI5 O.1IT4 
0.566 0.266 0.314 15 350 0.1129 0.1132 


Mixtures containing equal amounts of thorium, cerium, lan- 
thanum and didymium, and mixtures containing thorium in excess 


were then analyzed as follows: 


CeOr. 
0.1000 
0. 1000 
0, 1000 


TacOz. 
0.1000 
0.1000 
0.1000 


DioN. 
0. 1000 
00,1009 
0, 1000 





Fumaric 
acid. 
ce. 


Io 
To 


25 





Volume. 


ce. 

120 
120 
130 


ThOs. 
Taken. Found. 
0.0995 0.0990 
0.1003 0.0995 
0.1529 0.1523 
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Fumaric ThOs. 

acid. Volume. -——_——— 

CeOr. LaeO3. Di,Ox. ce. ce. Taken. Found. 

0.1000 0. 1000 0.1000 40 _ I§0 0.2007 0.2002 

0. 1000 0.1000 0.1000 40 150° 0.2015 0.2010 

0.1000 0. 1000 0, 1000 60 150 0.3011 0.3005 
0.1000 0.1000 0.1000 60 150 0.3019 0.3023 . 

0.0500 0.0500 0.0500 25 200 0.1961 0.1963 

0.0500 0.0500 0.0500 25 200 0.1968 0.1969 

0.0250 0.0250 0.0250 25 200 c.1976 0.1971 

0.0250 0.0250 0.0250 25 200 0.1991 0.1985 


EFFECT OF SALTS WITH ACETIC RADICALS ON THE PRECIPITATION OF 
THORIUM BY FUMARIC ACID. 


A very peculiar effect is noticed when an acetate is added to a 
solution of the rare earths (cerium, lanthanum, didymium, etc.), 
which has already had added to it some fumaric acid. ‘The results 
are these: 

Take a solution of cerium (lanthanum or didymium) in 40 per 
cent. alcohol and add to it a solution of fumaric acid; nothing re- 
sults. If now, one or two drops of ammonium acetate is added to 
this mixture of cerium and fumaric acid, the cerium is precipitated 
completely. Then if to this solution containing the precipitate an 
excess of ammonium acetate is added, the whole redissolves and 
leaves a clear solution. Cerium (lanthanum or didymium) is not 
precipitated by ammonium acetate alone. Ammonium fumarate 
precipitates cerium (lanthanum or didymium) insoluble in excess 
of precipitant. Add to cerium (lanthanum or didymium) dissolved 
in 40 per cent. alcohol, fumaric acid, and then one or two drops of 
acetic acid, and nothing results; but then by adding to this one or 
two drops of ammonium acetate, the cerium is thrown down quan- 
titatively as before. Thorium differs from cerium, lanthanum and 
didymium in that the precipitate formed by fumaric acid is only 
partially soluble in an excess of ammonium acetate. Sodium 
acetate has the same effect as ammonium acetate. 

The exact reaction in the above experiments has not yet been 
studied, but it is quite evident that salts of acetic acid must be 
avoided in the separation of thorium from cerium, lanthanum and 
didymium by fumaric acid. . 


THE EFFECT OF OTHER METALS ON THE SEPARATION. 


It was very desirable to know the effect of other metals on the 
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precipitation of thorium by fumaric acid, so all the metals available 
were tried. ‘The solutions in all cases (where such solutions could 
be obtained) were made in 4o per cent. alcohol and the fumaric 
acid added. The following salts were tried: 

-CuSO,; AgNO,; AuCl, (acid); MgCl,; CaCl,; Sr(NO,), ; 
BaCl, ; ZnSO,; CdCl, ; Hg,(NO,), ; Hg(NO,), ; HgCl, ; H,BO, ; 
Na,B,O,; AIl,Cl,; SnCl, (acid); SnCl, (acid); Pb(NO,),; 
MnCl, ; Na,HPO,; As,O, (slightly sol.); Sb (tartar emetic); 
Bi(NO,), (slightly sol.); UO,(C,H,O,),; VOCI,; Na,WO, ; 
Fe,Cl,; FeSO,; CoCl,; NiCl,; H,PtCl,. 

Of the above-named salts, AgNO,, Hg,(NO,)., and Hg(NO,), 
were the only ones which gave any precipitation. The precipita- 
tion of mercurous nitrate appears quantitative as well as the pre- 
cipitation of mercuric nitrate, while mercuric chloride gives no 
precipitate whatever. The precipitation of silver nitrate is only a 
partial one. 

Among the rare earths obtainable were yttrium, samarium, 
gadolinium, erbium and zirconium, which, dissolved in 40 per cent. - 
alcohol, gave with fumaric acid: 

Yttrium gives no precipitate cold or hot. Samarium gives no 
precipitate cold or hot. Gadolinium gives no precipitate cold or 
hot. Erbium gives a very slight precipitate in the cold, which 
seems to increase somewhat on heating. Only a very small frac- 
tion, however, is thrown down. Zirconium gives a quantitative 
precipitation on heating. 


THE COMPOSITION OF THE PRECIPITATE FORMED BY THORIUM AND 
FUMARIC ACID. 


To determine the composition of the thorium fumarate, a 
quantity of pure salt was prepared by precipitating the purified 
thorium solution with fumaric acid, washing very thoroughly with 
40 per cent. alcohol and drying. ‘The salt was first dried at 105° 
C. in an air-bath, and then to determine the point at which the salt 
was decomposed, the temperature was gradually raised, causing a 
gradual loss in weight until at 202° to 205° C. it became practically 
constant and no indications of decomposition were evident even at 
245° to 247° C. This dried salt, however, reabsorbed moisture to 
a considerable extent when exposed to the air. 

In order to obtain concordant results, the water was first driven 
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off at 105° C., collected, and weighed as atmospheric moisture. 
For this purpose a large tin can, provided with a thermometer, 
was placed upon the combustion furnace, and the tube passed 
through in the reverse position. Air was passed through the tube 
and the temperature maintained at 105° for four hours; the 
absorption tube was weighed, the can removed and the combustion 
made in a current of oxygen. The water obtained in this was 
calculated as water of composition. The residue left in the boat 
should be thoria, and was weighed as such. 

A number of combustions made in the above manner gave no 
constant results for hydrogen, while the thorium-carbon ratio was 
practically 1:4 as is seen from these results: 


ThOs. COx. Ratio. 
i Corer 0.1319 0.0883 I : 4.01 
Ts cacosevcaue 0.1606 0.1086 I 3 4.05 


The above ratios were calculated from the thoria just after re- 
moval from the furnace. After the combustion had been com- 
pleted and the boat (containing the thoria) weighed, it was placed 
in a platinum tube and heated with a blast-lamp for ten or fifteen 
minutes. White fumes were given off, and the thoria decreased 
in weight to the extent of several milligrams. ‘These fumes do not 
condense, but if made to pass through alcohol they are partially 
absorbed, and from this solution a very slight precipitate can be 
thrown down with ammonia. The losses were: 

0.1606 gram thoria lost on ignition 0.0039 gram. 

0.1147 gram thoria lost on ignition 0.0036 gram. 

0.1403 gram thoria lost on ignition 0.0053 gram. 

0.1641 gram thoria lost on ignition 0.0054 gram. 

Being under the impression that this loss was incurred by the 
coprecipitation (by fumaric acid) with thorium, of some com- 
pound, which on ignition with the blast yielded a volatile oxide, it 
was thought advisable to prepare a quantity of thorium fumarate 
from thorium which had been precipitated with fumaric acid and 
thoroughly ignited. This was done in the following way: The 
pure thorium solution was precipitated in the usual way with 
fumaric acid, and ignited for a period of one and one-half hours in 
the strongest heat that could be obtained from a blast-lamp. The 
thoria was again brought back into solution after many. evapora- 
tions with concentrated sulphuric acid, precipitated with ammonia, 
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filtered, redissolved in nitric acid, evaporated to dryness, taken up 
in water and reprecipitated with fumaric acid, thoroughly washed, 
and dried. 

Combustions were then made on this compound as before: 


ThOs. COs. Ratio. Loss on ignition. 
, pee - 0.1870 0.1270 I : 4.07 0.0066 
II......-- ee Boers. “Sh PR eh ehg 0.0073, 


The same white fumes were driven off on ignition with the blast, 
causing a corresponding decrease in the weight of thoria left after 
combustion. 

To ‘learn whether the white fumes were a carbon-containing 
compound or not, the platinum tube was connected to the combus- 
tion furnace and then heated with a blast. No increase in weight 
was obtained in the soda-lime tube, showing the absence of carbon, 
but an increase, slightly greater than the loss in weight of thoria, 
was found in the water-absorption tube (pumice and sulphuric 
acid). 


free from any non-volatile substance, several portions were 
burned at a gentle heat in a Bunsen flame; no residue was left. A 
combustion of the acid was also made giving: 


Calculated. Found. 
H cccacecces cece. 3-44 3-42 
Ce cecccscccvccvces 41.38 41.302 


The fumaric acid was pure, and the white fumes obtained by 
the ignition of the thorium fumarate are as yet unaccounted for. 
These white fumes, however, will be made the subject of a 
separate investigation. ‘The only conclusion to be drawn from the 
above work is that the thorium and fumaric acid react molecule 
for molecule. It is not supposed that the unsaturated valences in 
the fumaric acid play any part in the reaction, but rather that 
fumaric acid is of just the proper strength to throw out the very 
feebly basic thorium. 

MONAZITE ANALYSES. 

To test the application of the fumaric acid to the analysis of 
monazite sand, three samples were procured: two Brazil sands, 
and one from North Carolina,’ and to check the results obtained, 


1 It was through the kindness of Professor Baskerville that we secured this sample of 
North Carolina sand. 


To find out whether the fumaric acid employed was pure and 
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two of the best known methods, the thiosulphate and ammonium 
oxalate separations, together with a third,—a combination of the 
thiosulphate and oxalate—were employed. 

A description of the methods used is as follows: 


Ammonium Oxalate Separation.—About I gram of the ps 


(for each gram of ore taken), stirred well, and allowed to stand. “ 
After the heavy white precipitate had settled completely, the solu- 
tion was filtered, washedf and the precipitate washed into a 400 cc. 
beaker, using a cold ‘saturated solution of ammonium oxalate for 
the purpose. After making the volume of ammonium oxalate 
equal to about 50 cc. the beaker was placed on a water-bath, cov- 
ered with a watch-glass, and digested for one and one-half hours 
with occasional stirring. This was then diluted to 300 cc. and 
allowed to stand over night, filtered (filtrate A), and washed. The 
residue was again subjected to the treatment with ammonium 
oxalate, etc., etc., and filtered (filtrate B). 

Filtrates A and B were combined and precipitated by a large 
excess of ammonia, heated to boiling, filtered, and the thorium 
hydroxide dissolved off the filter in hot dilute nitric acid; evapo- 
rated to dryness, the residue taken up in water and precipitated 
with oxalic acid. ‘This precipitate of thorium oxalate, which still 
contained some impurity, was again treated with ammonium 
oxalate as before (one treatment), precipitated with an excess of 
ammonia, converted into the oxalate, ignited and weighed as 
thorium dioxide. 


1 Preliminary experiments showed that no metals precipitable by hydrogen sulphide 
were present, so this part of the process was omitted. 
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Thiosulphate Method.—The mineral was decomposed and 
brought into solution as before, and precipitated with oxalic acid. 
The precipitate of oxalates was washed into a beaker and treated 
with a strong solution of caustic potash (about 25 cc.) ; heated to 
boiling (this converts the oxalates into hydroxides which are then 
quite soluble in acids), diluted, and filtered; washed thoroughly 
and dissolved off the filter in hot dilute hydrochloric acid (1:1) ; 
evaporated to dryness to free from acid, taken up in 75 to 100 cc. 
water and 15 cc. of a saturated solution of sodium thiosulphate 
added, and heated to boiling (this precipitates nearly all the 
thorium together with a trace of impurity and considerable sul- 
phur)’; filtered (precipitate A), and the filter set aside for subse- 
quent filtration. The filtrate was precipitated by an excess of 
ammonia, filtered, washed, dissolved in hydrochloric acid, evapo- 
rated to dryness, taken up in water and reprecipitated with thio- 
sulphate as before. ‘This was filtered through the paper contain- 
ing precipitate A. The precipitation with thiosulphate was re- 
peated, in the successive filtrates, as long as a precipitate was ob- 
tained (usually a third precipitation extracts the thorium com- 
pletely). 

‘the combined precipitates of thorium thiosulphate were washed 
completely, then dried and ignited. The ignited mass was fused 
several times with potassium bisulphate, taken up in water and a 
few drops of hydrochloric acid, and precipitated with oxalic acid. 
These oxalates were converted into the hydroxides as before, dis- 
solved in hydrochloric acid, evaporated to dryness, taken up in 
water and reprecipitated with sodium thiosulphate; filtered, 
washed, dried and ignited. This was again fused with bisulphate, 
dissolved in water and a few drops of hydrochloric acid, and pre- 
cipitated with oxalic acid ; filtered, washed, ignited and weighed. 

It was necessary to fuse the thoria several times with bisulphate 
to get it all.into solution. 

Combination Method.—Inasmuch as the methods just described 
are very lengthy and involve very troublesome processes, such as 
the repeated digestion of a large bulk of oxalates with ammonium 
oxalate or the repeated fusions necessary in the thiosulphate 
method, it was found very convenient to make a combination of 
the two. Another point, well worth mentioning, and shortening 
the process greatly, is the conversion of the thorium thiosulphate 

















SEPARATION OF THORIUM. 915 
back into the nitrate without ignition and repeated fusions. ‘This 
is very easily and quickly done by washing the precipitate of 
thorium thiosulphate into a beaker with water, adding 20 to 25 cc. 
of a strong solution of caustic potash and heating to boiling. The 
thorium is converted completely into the hydroxide, while at the 
same time any free sulphur is dissolved by the caustic potash. The 
mass then is simply brought to boiling, diluted, filtered, washed, 
and dissolved off the filter in dilute nitric acid. 

As has been noticed, the same reagent (caustic potash) serves 
for the conversion of the oxalates into hydroxides which are then 
easily converted into the nitrates. 

The combination method is as follows: 

Decompose the mineral as usual and precipitate the rare earths 
as oxalates ; filter, and wash the oxalates into a beaker ; add 20 to 
25 cc. of a strong solution of caustic potash and heat to boiling; 
dilute, filter and wash. Dissolve the hydroxides off the filter with 
hot dilute hydrochloric acid (1:1) and evaporate to dryness on a 
water-bath. Take up with water and add 25 to 30 cc. of a satu- 
rated solution of sodium thiosulphate; heat to boiling, filter and 
wash (precipitate A) and set the filter aside for subsequent filtra- 
tion. Precipitate the filtrate with an excess of ammonia, filter, 
wash, dissolve off the filter with hot dilute hydrochloric acid and 
evaporate to dryness. Take up with water and reprecipitate with 
thiosulphate as before. Filter this precipitate through the paper 
containing precipitate A. Wash, then wash into a beaker and add 
20 to 25 cc. of a strong solution of caustic potash and heat to boil- 
ing. Dilute, filter and wash. Then dissolve off the filter in warm 
dilute nitric acid and evaporate to dryness. Redissolve in water 
and precipitate with oxalic acid; filter, wash, and rinse into a 
beaker using a cold saturated solution of ammonium oxalate for 
the purpose (about 100 cc.) Digest this on a water-bath for one 
and one-half hours (covered with a watch-glass), dilute to 300 cc. 
and allow to stand over night. (The undissolved residue of 
cerium, lanthanum, didymium, etc., is so slight that it need not be 
ie-treated.’ Filter and precipitate the thorium from the filtrate 
with a large excess of ammonia. Filter, dissolve in dilute nitric 
acid, evaporate to dryness, take up in water and precipitate the 


1 By this process the oxalate to be digested with ammonium oxalate is almost pure 
thorium oxalate and goes into solution very easily. Usually only the faintest residue of 
impurities remains after one digestion. 
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thorium from this with oxalic acid. Filter, wash, ignite and 
weigh. 

The above method gives very satisfactory results and yields a: 
white oxide of thorium. 

Fumaric Acid Method.—The three methods just described are 
very long and tedious. In many instances the solutions must be 
allowed to stand over night, and the precipitations repeated several 
times to insure a complete separation. The minimum time re- 
quired to execute any one of these methods is from five to six days. 

The method about to be described has the great advantage of 
being’extremely short, requiring only about one and one-half days 
after the decomposition of the mineral, and gives accurate results. 
The method is as follows: Decompose about I gram of mineral as 
before and precipitate the oxalates ;, ~vash, then rinse into a beaker 
and add 20 to 25 cc. of a strong solution of caustic potash ; heat to 
boiling, dilute, filter and wash. Dissolve off the filter in warm 
dilute nitric acid (1:1) and evaporate to dryness on a water-bath. 
Take up in 50 cc. water, then add alcohol and water in such pro- 
portions as to make the solution 40 per cent. alcohol (dilution = 
about 200 cc.). Then add 20 to25 cc. of fumaric acid (0.1 gram 
per 10 cc.) and heat to boiling. . Filter, while still hot, through a 
long-stem funnel (or by suction), wash several times with hot 40 
per cent. alcohol, then return precipitate and paper to the beaker 
and add 25 to 30 cc. of dilute hydrochloric acid (1:1); heat to 
boiling, dilute a very little (keep down the volume as much as 
possible), and filter off the paper. Wash the paper several times, 
then evaporate to dryness on a water-bath, shaking from time to 
time and washing with a few drops of water to prevent the residue 
from clinging to the sides of the beaker. Add about 50 cc. water 
(while still on the water-bath) and stir the residue loose from the 
bottom with a rubber-capped rod. (The carbonaceous matter 
from the partly decomposed fumaric acid, etc., does not interfere. ) 
Add alcohol and water to make the solution 40 per cent. (dilution 
about 150 cc.), then add about 10 cc. fumaric acid and heat to 
boiling. Filter through a long-stem funnel, wash with hot 40 per 
cent. alcohol, ignite (without previous drying) in a platinum 
crucible, and weigh the thorium dioxide. }In this method hydrogen 
sulphide need not be passed through the solution before precipita- 
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tion with oxalic acid, for, as has been shown on a preceding page, 
none of the metals precipitable by hydrogen sulphide interfere. 

A comparison of the analyses of the three samples of sand, 
made by the methods described is given in the following table: 
Results are given in percentages of thoria. 


METHODS. 
Fumaric. Oxalate. Thiosulphate. Combination. 
Brazil (a) .--- Fie 2.77 2.11 2.48 
2.55 2.03 oy aided 
3-95 eee eee 4.03 
N. Caroline... 4.0 oat ee 3.76 
3-92 hry AGS was 
Brazil (6)---.. {*9 +r 2.42 
2.47 Gard id 2.56 
CONCLUSIONS. 


1. A saturated solution of fumaric acid in 40 per cent. alcohol 
precipitates thorium completely from neutral solutions, to which 
40 per cent. of their volume of alcohol has been added, while 
under these conditions the only other metals that give precipita- 
tion are zirconium, erbium, silver, and mercury. 

2. This precipitation serves as an accurate and rapid separation 
of thorium from the other earths in monazite, and by its use the 
thoria can be determined in about one-third the time required by 
the methods now in use and with equal if not greater accuracy. 

3. As the thorium-carbon ratio in thorium fumarate is 1:4, 
thorium and fumaric acid react molecule for molecule. 

4. By the aid of a blast-lamp, white vapors are driven off from 
the thoria left in the boat after the combustion ofthorium fumarate 
in a stream of oxygen (a fact as yet not explained). 

5. Rare-earth oxalates and thorium thiosulphate are completely 
converted into the hydroxides by heating to boiling in a strong 
solution of potassium hydroxide, giving a convenient method for 
the conversion of those salts into the nitrates. 

This investigation was carried out under the direction of Profes- 
sor Edmund H. Miller and I wish here to express my most sincere 
thanks to him for his kind interest and encouragement in the 
work, and for the valuable assistance rendered. 


QUANTITATIVE LABORATORY, f } vy + abies 
May, 1902. LA) \ 1 Lan “ool aes 
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Tuat metallic tellurium and selenium act as reducing agents 
upon solutions of gold and silver salts has been known since the 
early part of the last century, still their action has not been studied 
quantitatively. 

N. W. Fischer found that tellurium acts as a reducing agent on 
salts of gold, silver, platinum and palladium in solution, the re- 
duction being incomplete in all cases, and that its action on gold 
solutions is the most rapid, the tellurium after a short time be- 
coming coated with metallic gold, stopping all further action even 
at a high temperature. Fischer states that the action of tellurium 
on silver nitrate in solution is slower than on a gold solution, and 
that the black powder which remains is not silver but a union of 
tellurium and silver, each in the lowest state of oxidation. He. 
also observes that selenium reduces a gold solution at a high 
temperature, the action then being the same as that of tellurium 
while silver and the remaining metals are not reduced. 

Parkham? found that red selenium is blackened in a solution of 
silver nitrate, some flakes of selenious acid being formed at the 
same time; after the latter has been removed by sodium hydroxide 
the black powder which remains contains both selenium and silver 
in quantity but no unchanged selenium is visible under the micro- 
scope. He notes that tellurium in a silver nitrate solution gives a 
black precipitate which shows no metallic luster under pressure. 
After digesting tellurium for four days with an excess of a satu- 
rated silver nitrate solution he obtained a precipitate, which ap- 
peared homogeneous under the microscope, contained both tel- 
lurium and silver and no tellurous acid, and concludes that if 
metallic silver is precipitated by tellurium then under these condi- 
tions nearly all of the tellurium should be in solution. He 
analyzed neither of the precipitates but he found that selenium in 
a copper solution gives a precipitate which analyzed for Cu,Se 






































1 Pogg. Ann., 12, 502. 
2 Chem. Centrbl., 33, 813. 
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and that tellurium in a copper solution gives, according to condi- 
tions, Cu,Te or CuTe, and because of this he concludes that 
selenium in silver solutions forms silver selenide, Ag,Se, and that 
tellurium in silver solutions precipitates Ag,Te, the telluride of 
silver. 

Sendersens*? found that selenium reduces a boiling solution of 
silver nitrate, either dilute or concentrated, with the formation of 
silver selenide and selenium dioxide. When the reaction was 
carried out in a closed tube he obtained a blue color which he 
thought indicated the formation of nitrogen pentoxide. The 
action of tellurium on a silver nitrate solution was found to be 
less rapid than that of selenium at 100° but similar to it; also at 
ordinary temperatures both metals reduce silver nitrate, the action 
being slow but complete. 


PROCEDURE. 

The following investigation was undertaken to find out whether 
gold and silver are precipitated from solutions of their salts by 
elementary tellurium and selenium. Pure tellurium and selenium 
were used. They were ground to a powder in an agate mortar 
and weighed quantities, usually about 0.1 gram, of them kept in 
contact with the solution of gold or silver for a definite length of 
time under definite conditions. The precipitate obtained was col- 
lected on a Gooch filter, dried at 100°, in an air-bath and weighed ; 
the precipitate was usually tested for either metal that it might 
contain and in some cases both the precipitate and the solution 
were analyzed. In most cases solutions containing known quanti- 
ties of silver and gold were used, so that all the data necessary for 
an analysis was the determination of the amount of these metals 
remaining in the solution. 


TELLURIUM IN GOLD SOLUTIONS. 

In preliminary experiments on the reducing action of tellurium 
on solutions of gold chloride, considerable difficulty was first ex- 
perienced in obtaining results consistent with the equation 

3Te + 4AuCl, = 3TeCl, + 4Au, 
since when tellurium is brought in contact with a gold solution the 
gold is apt to deposit as a coating on the tellurium, protecting it 

1 Compt. rend., 104, 175. 
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from all further action, a fact also noted by Fischer. This was in 
part obviated by grinding the tellurium to an impalpable powder 
and even when this was done the tellurium was apt to mass in 
little balls which it was necessary to crush with a glass rod in 
order to bring all of the tellurium in contact with the gold solu- 
tion. That some tellurium not infrequently escaped contact with 
the gold solution was shown by extracting the precipitate with 
such solvents as sulphur monochloride and nitric acid. None 
could be dissolved, showing that the tellurium present was com- 
pletely enclosed by the gold; but when the precipitate was dis- 
solved in aqua regia, the nitric acid evaporated off and the tel- 
lurium and gold precipitated with sulphur dioxide and this precipi- 
tate either tested for tellurium by the above solvents or by fusion 
with potassium nitrate, invariably where the weight of the pre- 
cipitate was below that required by the above equation, tellurium 
could be detected. 

It is not necessary that the gold chloride solution should contain 
more gold than is required by the reaction, for if a large excess of 
gold solution is used the results are the same, while if an insuf- 
ficient supply is used it is entirely bleached, all of the gold being 
deposited. The action of tellurium on gold in solution is fairly 
rapid; warming a few minutes will bring down sufficient gold to 
color the precipitate a decided yellow, yet time is a considerable 
factor in bringing about complete precipitation, from two to three 
hours being necessary with continued heating, or several days 
at room temperatures. The only conditions to be observed, in 
order to obtain quantitative precipitation of the gold by the 
telhirium, are sufficient time and the direct contact of all the 
tellurium with the gold solution. 

Experiment I.—0.1010 gram of tellurium gave 0.2125 gram of 
gold; the theory, for total precipitation of the gold by the tellurium 
according to the equation given, requires 0.2091 gram. The gold 
solution used contained 0.4346 gram of gold and was in contact 
with the tellurium for three hours and was boiled continuously 
during that time. No test for tellurium could be obtained in the 
precipitate either before or after dissolving in aqua regia. 

Experiment 2.—0.1099 gram of tellurium gave 0.2257 gram of 
precipitate; the theory requires 0.2243 gram. The gold solution 
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contained 0.2351 gram of gold and was in contact with the 
tellurium for six days at room temperature. The precipitate con- 
tained no tellurium. 

Experiment 3.—0.0789 gram of tellurium gave 0.1642 gram of 
gold; the theory requires 0.1635 gram. ‘The precipitate gave no 
test for tellurium either before or after dissolving in aqua regia. 

SELENIUM IN GOLD SOLUTIONS. 

The selenium used was prepared from sublimed selenium diox- 
ide by precipitation with sulphur dioxide in the presence of hydro- 
chloric acid. The selenium was dried, fused, and ground to a 
fine powder. The fused variety of selenium does not reduce a 
solution of gold chloride at room temperature. One experiment 
was made allowing the selenium to remain in contact with the 
gold solution for three months at room temperature with no 
visible action. At the boiling temperature the action is nearly as 
energetic as that of tellurium and is analogous to it, being ex- 
pressed by the reaction 

3Se + 4AuCl, = 3SeCl, + 4Au. 
The same difficulties were encountered with the selenium as with 
the tellurium and were overcome in the same way. From six to 
eight hours of continued boiling are necessary to insure complete 
precipitation, or better from two to three days at a temperature of 
from 70° to 80°. : 

Experiment I.—0.0712 gram of selenium gave 0.2345 gram of 
gold, the calculated being 0.2336 gram. 

Experiment 2.—0.1058 gram of selenium gave 0.3455 gram of 
precipitate; the theory requires 0.3470 gram. The amount of 
gold contained in the solution was 0.4346 gram and it was in con- 
tact with the selenium for three days at a temperature of about 
80°. The precipitate gave no test for selenium after dissolving 
and reprecipitating. 

Experiment 3.—0.1502 gram of selenium in a-solution of gold 
chloride boiled for five hours gave 0.4892 gram of gold; the 
amount required by the theory is 0.4926 gram; the precipitate gave 
no test for selenium. 


TELLURIUM IN SILVER SOLUTIONS. 
The first salts used were ammoniacal solutions of the nitrate and 
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the chloride of silver. In both cases the solutions were reduced 
by the tellurium, slowly in the cold and more rapidly if heated, yet 
tellurium digested with silver nitrate solution for a long time 
would not completely go into solution leaving metallic silver. 
Where an ammoniacal solution of silver nitrate was used the 
weight of the precipitate and the amount of silver in the precipi- 
tate, was in excess of that required for silver telluride. The 
amount of silver and tellurium as determined by analysis did not 
add up to the total weight of the precipitate and in several cases 
small plates of metallic silver were formed. On repeating the 
. experiment with no tellurium present it was found that when silver 
nitrate stands in contact with ammonia for some time or is warmed 
with it a deposit is formed which is insoluble in ammonia. This 
deposit is probably silver nitride, but when the solution is boiled or 
kept warm several days the precipitate contains plates of metallic 
silver. In subsequent experiments the silver nitrate solution was 
used without ammonia and the silver tellurite formed was removed 
by washing the precipitate with ammonia. 

When silver chloride in ammonia was used, it was allowed to 
stand in contact with the tellurium at room temperature or only 
slightly warmed, an excess of ammonia always being present to 
keep the silver chloride in solution. When the nitrate was used a 
greater range of temperature was possible and the solution was 
either boiled continuously or kept at a temperature of about 80° 
for along time. At the end of the experiment the precipitate was 
collected on a Gooch filter, washed several times with ammonia to 
remove any silver tellurite and then with water. In this way 
results were obtained which agree very well with those required 
by the equation 

4AgNO, + 3Te = 2Ag,Te + Te(NO,), 
where the nitrate of silver is used, and 
4AgCl + 3Te = 2Ag,Te + TeCl, 
where the chloride in ammonia was used. Either the chloride or 
the nitrate of tellurium would be decomposed by water and would 
then react with more silver nitrate or chloride to form the 
tellurite of silver. 

Experiment I.—0.1099 gram of tellurium gave 0.1848 gram of 

precipitate; the calculated amount of silver telluride was 0.1978 














ACTION OF METALS ON GOLD AND SILVER SALTS. 923 


gram. ‘The solution contained 0.4320 gram of silver as the chlo- 
ride and was in contact with the tellurium for eight days. 

Experiment 2.—0.1005 gram of tellurium in a solution of silver 
chloride containing 0.2160 gram of silver gave 0.1843 gram of 
precipitate, that required for silver telluride being 0.1809 gram; 
the time of the experiment was ten days. 

Experiment 3.—0.0994 gram of tellurium in a solution of silver 
chloride containing 1.0800 grams of silver gave 0.1767 gram of 
precipitate, the calculated for silver telluride being 0.1789 gram. 
The time of the experiment was three months, and during that 
time it was kept in a warm place and ammonia added occasionally. 

Experiment 4.—o.1018 gram of tellurium in a solution of silver 
nitrate which contained 2.0601 grams of silver gave 0.1871 gram 
of precipitate, that required for silver telluride being 0.1841 gram. 
The silver remaining in the solution was determined as the chlo- 
ride and found to be 1.9404 grams which would make theloss from 
the solution or the amount of silver in the precipitate as 0.1192 
gram and the amount of tellurium in the precipitate 0.0693 gram. 
The calculated amount of silver in 0.1871 gram of the telluride is 
0.1178 gram and the tellurium 0.0693 gram. 

The low results in the above series of experiments can be 
attributed in a large measure to small amounts of tellurium which 
were so thoroughly enclosed in the mass that they could not be 
brought to enter into the reaction. 

An attempt was made to prepare silver telluride in order to 
study its properties and compare it with the precipitate obtained 
from the reduction of the silver solution by tellurium. An excess 
of aluminum was fused with tellurium and hydrogen telluride 
evolved from this by treatment with dilute hydrochloric acid. The 
hydrogen telluride was passed into an ammoniacal solution of 
silver nitrate in an atmosphere of carbon dioxide to prevent any 
decomposition of the hydrogen telluride by the oxygen of the air. 
This gave a black precipitate which was washed repeatedly with 
water, then dried in an air-bath at 105°. Analysis showed the 
substance to contain 22.3 per cent. tellurium and 77.3 per cent. of 
silver while the theory for silver telluride requires 37.1 per cent. of 
tellurium and 62.9 per cent. of silver. The silver in another 
sample, prepared in a similar way, was determined by heating the 
substance in a boat in a current of chlorine gas; the tellurium 
distilling off as the tetrachloride and the silver chloride remaining 
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was weighed. The per cent. of silver obtained in this way was 
75-4- 

The substance thus prepared fused without loss of tellurium as 
was indicated by the absence of fumes, to a porous mass which cut 
with a metallic luster. It was acted on by sulphur monochloride, 
forming tellurium tetrachloride; it reduced a gold solution, de- 
positing metallic gold, but no action could be observed with a 
silver solution. 

The action of hydrogen telluride on silver nitrate may be ex- 
plained by the decomposition of hydrogen telluride in presence of 
silver nitrate into nascent hydrogen and tellurium and these then 
would reduce the silver solution, the first causing metallic silver 
to be deposited while the latter would give rise to silver telluride, 
and this would explain the high percentage of silver. 

Silver tellurite was prepared by adding potassium tellurite 
(obtained by fusion of equivalent weights of tellurium dioxide 
and potassium carbonate) to a silver nitrate solution; it was dried 
at 105° and as obtained was a light yellow powder, fairly perma- 
nent in the light. Analysis gave 54.95 per cent. of silver, while 
the formula Ag,TeO, requires 55.17 per cent. This silver tellurite 
was reduced by heating it in a porcelain tube to the highest tem- 
perature obtainable in the blast-lamp and passing a current of dry 
ammonia over it for one hour. At the temperature used, tellurium 
alone would have entirely distilled from the boat. 1.1990 grams 
of the silver tellurite were used and 1.0440 grams of residue ob- 
tained ; the weight required for silver telluride from the amount of 
tellurite used is 1.0517 grams. ‘The compound obtained by the re- 
duction of the tellurite was analyzed by heating in a current of 
chlorine. 0.2276 gram gave 0.1908 gram of silver chloride or 
62.65 per cent. of silver, the calculated for silver telluride being 
62.97 per cent. Another sample of silver tellurite was reduced in 
carbon monoxide under similar conditions and the telluride formed 
was similar in all respects to that obtained by reduction in am- 
monia. 

The silver telluride obtained by the reduction of silver tellurite 
had a strong metallic luster, did not tarnish readily, was harder 
than tellurium, was brittle but not brittle enough to be ground to a 
powder: it was broken up as finely as possible and treated with 
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sulphur monochloride, gold chloride solution and silver nitrate 
solution. Sulphur monochloride acted on it slowly to form tetra- 
chloride; the gold solution was bleached and the silver telluride 
became coated with gold. 0.2995 gram was boiled with a solution 
of silver nitrate for eight days; at the end of that time the solution 
gave no test for tellurium while the particles had lost none of 
their luster, showing them to be entirely unacted on. 

Brauner’ synthesized silver telluride by fusion of silver in a 
current of tellurium. He obtained a crystalline mass of metallic 
luster having approximately the composition Ag,Te. 

In an article on the “Naturally Occurring Telluride of Gold” by 
one of us? specimens of sylvanite, calaverite, coloradoite, kalgoor- 
lite, and nagyagite were treated with a gold solution, and in 
all cases metallic gold was obtained. Recently some excellent 
specimens of krennerite, hessite and more specimens of sylvanite 
and calaverite were obtained, and as specimens of some of 
these minerals were not at hand at the time of the previous investi- 
gation their action on solutions of gold chloride and silver nitrate 
was now tried. The minerals examined were: 

One specimen calaverite, Keystone, Boulder Co., Colo. (this 
was one of the original specimens of Genth). 

One specimen calaverite and one of sylvanite from Cripple 
Creek, Col. ; 

Three specimens hessite from Boles, Siebenburgen, Hungary. 

One specimen hessite from Tombstone, Arizona. 

One specimen krennerite, West Side Mine, Cripple Creek, Col. 

One specimen krennerite, Boles, Siebenburgen, Hungary. 

All of these minerals reduced gold chloride solution, becoming 
coated yellow and where a small quantity of solution was used 
bleached it, agreeing with the previous results. The hessite was 
without visible action on the silver nitrate solution even when 
boiled in it; one specimen of krennerite and one of sylvanite gave 
a small amount of black powder similar to that obtained from 
tellurium in silver nitrate solution. Hessite is telluride of silver, 
which as we have seen is without action on silver solutions, while 
the others contain both silver and gold with the tellurium, or gold 
with tellurium, from which it would seem that while the combina- 


1 J. Chem. Soc., §§, 388 
2 This Journal, 24, 355. 
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tion of silver with tellurium is without action on silver nitrate 
solution that of gold with tellurium reduces silver nitrate. 

In the same article reference was made to the action of tellurium 
on silver nitrate solution, and conclusions stated which in the light 
of the facts then at hand seemed correct. It was stated that the 
action of tellurium on silver solutions is similar to that on gold 
solutions, though not as complete, metallic silver being formed. 
The results in this later work show that tellurium in silver solu- 
tions forms the telluride of silver and not metallic silver. The 
error in the former statements arose from the use of ammonia in 
the solution while it was in contact with the tellurium; it was sub- 
sequently found that silver nitrate solution standing for a long 
time with ammonia, or being heated with it, gives a deposit which 
contains metallic silver. 

SELENIUM IN SILVER SOLUTIONS. 

Selenium reduces a solution of silver nitrate or of the chloride in 
ammonia, either in the cold or on heating. The action is less rapid 
than that of tellurium but similar to it, a close approximation to 
the selenide of silver being formed. Parkham’s statement that a 
precipitate of selenium dioxide is formed is obviously incorrect as 
he used aqueous solutions, and selenium dioxide is readily soluble 
in water. The precipitate that he obtained must have been silver 
selenite. Sendersen’s experiment of heating the solution in con- 
tact with the selenium in a closed tube was repeated ; no difference 
could be detected in the outcome of the reaction, and no blue 
coloration was observed. 

Experiment 1.—0.1012 gram of selenium in a solution of silver 
nitrate for eight days gave 0.2513 gram of precipitate, the theory 
requiring 0.2497 gram. 

Experiment 2.—0.1047 gram of selenium in a solution of silver 
chloride containing 0.4320 gram of silver, gave 0.2550 gram of 
precipitate, the calculated for silver selenide being 0.2590 gram. 

Experiment 3.—0.1012 gram of selenium in a solution of silver 
nitrate containing 2.4157 grams of silver gave 0.2468 gram of pre- 
cipitate, the theory for silver selenide being 0.2497 gram. After 
the removal of the precipitate the solution contained 2.2370 grams 
of silver which would make the precipitate contain 0.1785 gram of 
silver and 0.0683 gram of selenium, the calculated amounts for 
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0.2468 gram of silver selenide being 0.0666 gram of selenium and 
0.1802 gram of silver. 

The precipitate obtained in Experiment 2 was treated with a 
solution of gold chloride and reduced it nearly as well as does 
elementary selenium. The fact that both the telluride and the 
selenide of silver reduce gold chloride suggested an investigation 
of the action of the sulphide of silver on solutions of silver and 
gold. Silver sulphide was prepared by passing hydrogen sulphide 
into a solution of silver nitrate made alkaline with ammonia, the 
precipitate washed, dried in an air-bath and then washed with 
carbon bisulphide to remove any excess of sulphur. A sample of 
silver sulphide prepared in this way was boiled with a solution of 
silver nitrate for seven days and the solution tested for sulphur 
without any trace being found to be present. The silver sulphide 
reduced gold chloride solution to metal, readily on warming but 
only slightly in the cold. 

CONCLUSIONS. 

Tellurium reduces a gold chloride solution completely to metallic 
gold either in the warm or in the cold and the only difficulties so 
far as quantitative precipitation is concerned are mechanical ones. 
The action of tellurium on silver salts in solution is to reduce them 
with formation of the telluride of silver, which is still a reducing 
agent as it throws gold out from solution. The behavior of the 
product obtained is, in all respects, similar to that of the telluride 
of silver obtained by the reduction of silver tellurite and to that of 
the native mineral itself. 

The action of selenium is similar to that of tellurium but is not 
as energetic. Selenium reduces silver solutions in the cold, but 
has no action on gold solutions unless heated nearly to boiling, the 
action then being fairly rapid and complete. With silver solutions 
selenium forms silver selenide which resembles silver telluride in 
being a reducing agent to solutions of gold salts, both of them 
being similar to the sulphide of silver in this respect. 


UNIVERSITY OF WISCONSIN, 
MADISON, WIS. 
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IN comparing the optical rotation of the sugars with that of 
active substances generally, we meet with one great point of differ- 
ence. While concentration and the presence of foreign substances 
play only a subordinate part in the rotation of the former, so that 
their influence may usually be ignored, in the case of other active 
substances the effects of these disturbing factors may be extremely 
complex. The object of the present research has been to investi- 
gate the influence of various commonly occurring substances on 
the rotation of tartaric acid, and, by taking these effects. into 
account, to devise methods for the polarimetric estimation of tar- 
taric acid_in its chief commercial compounds. 

Tartaric acid, in aqueous solution, rotates the plane of polari- 
zation to the right. Strong acids slightly decrease this rotation. 
The rotation of the salts is, in general, a little greater than that of 
the free acid, and, in case of dilute solutions, is independent of 
the nature of the base. 

The facts, so far, are in accordance with the hypothesis of elec- 
trolytic dissociation. ‘There are, however, a number of substances 
which exert a much greater effect on the rotation, and whose 
action is best explained on the assumption of the forma- 
tion of complex molecules. As early as 1837 Biot observed 
that borax increased the rotation of tartaric acid, and subsequently 
Gernez? and others pointed out that the acids of arsenic, antimony, 
molybdenum and tungsten, also the salts of beryllium and 
uranium, exercised a similar influence. 

The present writers, besides confirming the observations of the 
earlier experimenters, have studied the influence of a number of 
other elements on the rotation of tartaric acid. The following is a 
summary of the conclusions arrived at, the results given being the 
effects noted, except where otherwise stated, in the presence of ex- 





1A preliminary note on this subject was published in the Appendix to Bulletin No. 
65 (p. 157) of the Bureau of Chemistry, U.S. Department of Agriculture. In the present 
paper fuller details are given, and some slight changes have been made in the methods of 
analysis. 
2 Compt. rend., 10§, 803 (1887). 
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cess of ammonia. Where the effects are described as small, the 
slight changes observed in the rotation were often within the 
limits of experimental error. 

The Alkali Metals.—Lithium, sodium, potassium and caesium 
were found to have a small effect only on the rotation. 

Copper and Silver.—These metals, the former in the presence of 
potassium cyanide, had practically no effect on the rotation. 

The Alkaline Earth Metals——Although the tartrates in this 
group are nearly insoluble, small quantities of the salts of calcium, 
strontium and barium may be added to an ammoniacal solution of 
tartaric acid and the solution polarized before the tartrates have 
time to crystallize out. It was found that, while calcium exercised 
an insignificant effect only, strontium and barium lowered the ro- 
tation. 

Magnesium, Zinc and Cadmium.—The first two had a small 
effect only ; cadmium increased the rotation. 

Boron and Aluminum.—Boracic acid (in alkaline solution) 
lowered the rotation; compounds of aluminum had the opposite 
effect. 

Tin and Lead.—Both stannous and stannic salts increased the 
rotation ; lead diminished it. 

Arsenic, Antimony and Bismuth.—These all lowered the rota- 
tion in the presence of an excess of ammonia. It has long been 
known that a solution of tartar emetic has a much higher rotation 
than a solution containing the equivalent quantity of tartaric acid. 
The authors found that when ammonia is added in excess to an 
aqueous solution of tartar emetic part only of the antimony is pre- 
cipitated. The filtrate then has a /ower rotation than an equiva- 
lent solution of ammonium tartrate. Similarly, if an ammoniacal 
solution of cream of tartar is shaken up with excess of antimony 
oxide, a certain quantity of antimony passes into solution. The 
solution so obtained has a lower rotation than the original cream 
of tartar solution, its rotation corresponding, in fact, to that of the 
filtrate referred to above—provided, of course, the solutions of 
cream of tartar and tartar emetic are made of equivalent strength. 

Manganese.—Manganese sulphate, added to an ammoniacal 
solution of tartaric acid and made up to volume with freshly boiled 
water, gives a colorless solution, and the rotation of the tartaric 
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acid is practically unaffected. But if this mixture is exposed to 
the air it very quickly turns to a deep, reddish brown, and a con- 
siderable decrease in the rotation takes place. 

Iron, Nickel and Cobalt.—Iron and nickel compounds increase 
the rotation, while salts of cobalt have a lowering effect. Owing 
to the fact that these metals give deeply colored solutions with 
ammoniacal tartaric acid, only very small quantities of the salts 
can be added to the solutions for polarization. 

Non-Metallic Radicals—The majority of the common acids 
have little or no effect on the rotation of tartaric acid. Observa- 
tions were made on the following: Chlorides, bromides, iodides, 
cyanides, chlorates, carbonates, nitrates, phosphates, sulphates, 
acetates, oxalates, and citrates. 

As in the case of antimony and certain other elements, the 
magnitude of the effect produced by molybdic acid was found to 
depend very largely on whether the solution was acid, neutral, or 
alkaline. ~ 

Considering the common occurrence of iron and aluminum in 
commercial products, it is unnecessary to emphasize the import- 
ance of a knowledge of the effects of these metals in estimating 
tartaric acid by the polariscope. From the fact that the alkaline 
tartrates dissolve the hydroxides of iron and aluminum, even in 
the presence of ammonia, it might be anticipated that these metals 
would influence the optical activity of tartaric acid by the forma- 
tion of complex molecules. It was found indeed that even the 
comparatively small quantities of iron and aluminum, such as 
occur as impurities in the superphosphates employed in baking- 
powders, exerted sufficient influence to invalidate determinations 
based on direct measurements of the rotation of the tartaric acid 
in the mixture (Appendix 27 and 40). 

The chief commercial products containing tartaric acid as an 
essential ingredient are: cream of tartar, cream of tartar “com- 
pounds”, tartar baking-powders and certain pharmaceutical salts 
and mixtures. The latter include not only the official preparations 
of the different pharmacopoeias, but also the proprietary efferves- 
cing remedies, etc. ‘These different materials may be conveniently 
classed into three main groups, corresponding to the methods of 
analysis described below. 
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Group I.—Tartaric acid and mixtures containing tartaric acid 
and calcium tartrate, but no other optically active material, or any 
substance, such as iron or aluminum, capable of modifying the 
rotation of tartaric acid in ammoniacal solution. To this class 
belong Rochelle salt, potassium tartrate, cream of tartar, and many 
of the effervescing preparations of the pharmacopoeias. 

Group IJ.—Mixtures containing both tartaric acid and sugar. 
Some of the officinal effervescing compounds and most of the 
similar patent preparations fall into this division. 

Group IIJ.—Mixtures containing tartaric acid with one or more 
modifying agents, or traces of optically active substances. This 
group comprises materials of which alum is an ingredient, mix- 
tures containing traces of iron or aluminum, and those of which 
starch is a constituent. Consequently all tartar baking-powders 
and mixtures of cream of tartar with cream of tartar substitutes 
are included in this group. For apart from the fact that the latter 
are liable to contain iron and alumina, the authors found that the 
starch mixed with baking-powders' and superphosphates almost 
invariably contained traces of active substances soluble in cold 
water (Appendix 87-Ior). 

METHODS OF ANALYSIS. 

In the following section, working details of the several methods 
are given, corresponding to the classification indicated above. In 
the Appendix (109-112) examples of the different methods will 
be found. 

Group I.—The method employed in the analysis of materials of 
this group is based on the fact that in the presence of excess of 
ammonia the rotation of the solution is proportional to the con- 
centration of the tartaric acid, and is independent of the other 
bases and acids present. 

(1) The Tartrates Present are Completely Soluble in Dilute 
Ammonia.—A weighed quantity of the substance containing not 
more than 2 grams tartaric acid is placed in a 50 cc. measuring 
flask, moistened with 3 or 4 cc. of water, and concentrated am- 
monia (sp. gr. 0.924) added in quantity sufficient to neutralize all 
acid that may be present and leave about 2 cc. in excess. The 


1 There are, however, a few tartar baking-powders on the market which are entirely 
free from starch. ‘These may be classed in Group I. 
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actual amount of the excess is not of importance, but a greater 
quantity than 2 cc. of free ammonia should be avoided. The solu- 
tion is then made up to 50 cc. with water, filtered, if necessary, 
through a dry filter, and the rotation read in a 200 mm. tube. 

The amount of tartaric acid (C,H,O,) in grams (y) in the 
material taken is given by the formula 

y = 0.005194, 
where + is the rotation in minutes. 

(2) The Mixture Contains Insoluble Calcium Tartrate.—In 
this case proceed as follows: Treat 2 grams of the sample (or an 
amount containing not more than 2 grams of tartaric acid) in a 
small beaker with 30 cc. water and 20 drops concentrated hydro- 
chloric acid. Heat gently till both the potassium and calcium 
tartrates have passed into solution, and then, while still hot, add 4 
cc. concentrated ammonia (or enough to produce an ammoniacal 
smelling liquid) and about 0.2 gram sodium phosphate dissolved 
in a little water. ‘Transfer to a 50 cc. measuring flask, cool, make 
up to the mark with water, filter through a dry filter, and polarize 
the filtrate in a 200 mm. tube. The tartaric acid is calculated by 
the formula given under (1). \ 

The precipitation of the calcium by sodium phosphate is not 
absolutely necessary, but, when this is not done, in cases where the 
proportion of calcium tartrate in the sample is high, there is a 
great tendency for the calcium tartrate to crystallize out from the 
ammoniacal solution before the reading is made. 

The tartaric acid present as bitartrate of potash may be de- 
termined by proceeding as in (1), the calcium tartrate being prac- 
tically insoluble in cold ammonia solution. 

The tartaric acid in the calcium tartrate may be obtained with 
sufficient accuracy for most purposes from the difference between 
the results in (1) and (2). If more exact results are required, 
the residue insoluble in ammonia in (1) may be dissolved in a little 
hydrochloric acid, and treated as above with sodium phosphate 
and ammonia. 

It may be noted that the method given below under Group III, is 
applicable to this group also, but in most cases the course described 
above will be found more simple. 

Group II.—The method of analysis for substances of this group 
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is essentially the same as the one just described, but takes into ac- 
count the presence of sugar in the mixtures. In ammoniacal solu- 
tions containing both tartaric acid and sugar, the rotation of each 
is unaffected by the presence of the other (Appendix 45-46), and 
consequently the rotation of the tartaric acid may be obtained by 
subtracting from the total rotation the part due to the sugar. The 
cane-sugar may be determined by Clerget’s method, but in carry- 
ing out the process the additional precautions described below 
must be observed. 

Although magnesium sulphate, even in comparatively large pro- 
portions, has but little effect on the rotation of solutions of sugar 
and of tartaric acid alone, it is a curious fact that the rotation of 
these two substances when present together is considerably de- 
creased by the addition of magnesium sulphate (Appendix 22 and 
67). In “effervescing magnesium sulphate”, and in other mix- 
tures where magnesia is present, it is therefore necessary to pre- 
cipitate the magnesium by means of sodium phosphate and am- 
monia before making the polarimetric readings. 

In carrying out the inversion of cane-sugar, moreover, it must 
be remembered that in order to effect complete inversion in ten 
minutes, without further decomposing the products of hydrolysis, 
a fairly definite concentration of free hydrochloric acid is required, 
and that when salts of weak acids (such as citric and tartaric) are 
present, it is only the hydrochloric acid added over and above the 
amount necessary to completely set free all these weak acids that 
is to be considered capable of effecting the inversion in the pre- 
scribed time. The difficulty of finding the point where hydro- 
chloric acid is free in the solution was overcome by the use of 
methyl violet as indicator. This indicator was found to be quite 
unaffected by citric and tartaric acids, yet sufficiently sensitive to 
hydrochloric acid for the purpose in hand. 

It is also to be noted that in some commercial samples the sugar 
is already partly in the inverted condition. In such cases the 
reducing sugar must be determined by Fehling’s process, and due 
allowance made for it. 

(1) Magnesium Absent.—An amount of the sample containing 
not more than 8 grams of tartaric acid or 5 grams of sugar is dis- 
solved in cold water and made up to 100 cc. (Solution A). 
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Twenty-five cc. of this solution are pipetted into a 50 cc. measuring 
flask with a few drops of methyl orange solution and, if alkaline, 
approximately neutralized with concentrated hydrochloric acid. 
One cc. concentrated ammonia (sp. gr. 0.924) is then put in, the 
flask filled to the mark, and the solution polarized in a 200 mm. 
tube (reading a). 

To another 25 cc. of Solution A a little methyl violet solution is 
added, and concentrated hydrochloric acid run in from a burette 
till the indicator turns pale green, the amount of acid required 
being noted. 

A ‘third 25 cc. portion of Solution A is placed in a 50 cc. measur- 
ing flask (without methyl violet, the color of which would inter- 
fere with the polarimetric readings) and a quantity of hydrochloric 
acid run in equal to the amount required in the last experiment, 
plus 2.5 cc. The flask and contents are next heated to 70° C. for 
ten minutes, as in the ordinary Clerget process, and immediately 
cooled to ordinary temperature. A little methyl orange is then 
added and enough ammonia to turn the indicator yellow and leave 
about I cc. in excess. Finally, after making up the volume to 50 
cc., and cooling to the temperature of the room, the solution is 
polarized in a 200 mm. tube (reading b). 

The weight of sugar (z) in the amount of the sample taken is 
given by the formula 

_ 2(a—6)1.254 
— -142—0.5¢ 





’ 


where ¢ is the temperature and a and b are the readings expressed 
in minutes. 

The rotation of s grams uninverted sugar is 79.72, and the rota- 
tion (1) of the tartaric acid is consequently 

x = 2a— 79.72, 
from which the tartaric acid (y) is found by the formula 
y= 4X 0.005197 (see 1). 

(2) Magnesium Present.—A solution of the substance is pre- 
pared as in (1) above (Solution 4). Ten cc. of this solution are 
placed in a beaker and about 25 cc. of water and 4 cc. of concen- 
trated ammonia added. Ifa precipitate forms, enough ammonium 
chloride is added to keep it in solution. The magnesium is then 
precipitated by sodium phosphate. Since it is desirable to keep 
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the bulk of the solution as small as possible, and to avoid unneces- 
sary excess of salts in solution, the required quantity of phosphate 
(about 8 grams Na, HPO,10H.O to every 5 grams MgSO,7H.O) 
should be dissolved in a small volume of hot water (10 cc. to 8 
grams phosphate) and the solution added gradually while hot. 
After the precipitate has completely formed it is filtered off on 
the filter-pump and washed with small quantities of water, care 
being taken not to bring the total volume to more than 100 cc. 
Even a fairly bulky precipitate can be sufficiently washed in this 
way. ? 

The filtrate is now made up to 100 cc. (Solution B), and part of 
this solution read at once in the polarimeter (reading c. ) 

Twenty-five cc. of Solution B are now titrated with hydrochloric 
acid and methyl violet, and another 25 cc. inverted as described 
under (1), made up to 50 cc. and polarized (reading d). 

The weight of sugar (z) in the substance taken is . 

__ 10(¢— 2d) 1.254 
ai 142—0.5¢ ~ 

The rotation of the tartaric acid is, therefore, 

4 = 10¢ — 79.78 
and the weight of tartaric acid, 
y = 4 X 0.00519 -r. 

The directions given for this method are, of course, subject to 
slight modification depending on the relative amount of magne- 
sium present; in some cases, for instance, more ammonia than 6 
cc. might be necessary. It may be stated, however, that the 
amount of free ammonia in the uninverted solution is not of much 
consequence, but in the inverted solution the excess should not ex- 
ceed I cc. (Appendix 51-66). 

On account of the bulk of the magnesium precipitate, and be- 
cause large quantities of neutral salts affect the rotation, it is 
necessary to work with weaker solutions when magnesium is 
present. For this reason only 10 cc. of Solution A are taken 
in (2). 

In the Appendix test analyses are given of some effervescing 
mixtures, as illustrating the methods used in Group II. It may, 
however, be pointed out here that the results of the analyses of 
commercial granulated effervescing preparations do not agree with 
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results calculated from the formulas in the pharmacopoeias. This 
is owing to the fact that a considerable amount of decomposition 
takes place in the process of manufacture. Hence tartaric acid, 
and all other constituents with the exception of carbon dioxide, 
come out higher in the analysis than in the result calculated from 
the formula. This consideration does not apply to the test analyses 
given, as in these the whole of the mixture made up was taken for 
analysis, and no attempt was made to imitate exactly the “granu- 
lated” commercial article. 

Group III.—Direct readifigs of rotation in ammoniacal solution 
are inadmissible in analyses of the substances of this group on 
account of the influence of iron and aluminum on the rotation of 
tartaric acid, and owing to the small, but unknown, rotation of the 
trace of inverted starch (Appendix 27, 40, 87-101). 

Accurate determinations may, however, be made in the presence 
of excess of ammonium molybdate in neutral solution. The 
latter salt not only annuls the effect of iron and aluminum, but 
also has the property of greatly increasing the rotation of tartaric 
acid, so that by its use the small rotation of the inverted starch is 
rendered insignificant. It is to be noted, however, that this in- 
creased rotation is very sensitive to the presence of acid and alkali, 
and is, moreover, modified by the presence of phosphates. It 
therefore becomes necessary to first remove the phosphoric acid, 
and then to bring the solution to a definite state of neutrality. 
These results are attained by the following procedure, the details 
of which must be strictly adhered to. 

Solutions Required.—The following solutions must be prepared, 
but need not be made up very accurately. 

Molybdate solution, 44 grams ammonium molybdate in 250 cc. 

Citric acid solution, 50 grams citric acid in 500 cc. 

Magnesium sulphate solution, 60 grams MgSOQ,.7H,0 in 500 cc. 

Ammonia solution, 165 cc. ammonia (sp. gr. 0.924) in 500 cc. 

Hydrochloric acid, 60 cc. concentrated acid in 500 cc. 

An amount of the sample containing not more than 0.2 gram 
tartaric acid, not more than 0.3 gram alum and not more than 0.3 
grain calcium acid phosphate is weighed into a dry flask. To this, 
10 cc. citric acid and 10 cc. molybdate solution are added, and 
allowed to react with the substance for ten or fifteen minutes, 








— aS aS a foe 


] 


9 








POLARIMETRY IN COMMERCIAL PRODUCTS. 937 


shaking the liquid occasionally. Next, 5 cc. magnesium sulphate 
solution are added and 10 cc. ammonia solution are stirred in. 
These solutions are all measured exactly, so that the total volume 
will be 35 cc. If the original substance is a liquid, room may be 
made for it by taking a smaller volume of stronger ammonia. 
After a few minutes (not more than an hour), the solution is 
filtered through a dry filter, a slight turbidity of the filtrate being 
disregarded. To 20 cc. of the filtrate, measured into a 50 cc. 
flask, are then added a few drops of methyl orange, and hydro- 
chloric acid from a burette till the pink color appears (two or 
three drops too much or too little are of no consequence). Finally 
10 cc. more molybdate solution are added to the pink solution, 
which now becomes colorless or pale yellow, and water to make up 
the volume to 50 cc. This solution, after filtering if necessary, is 
polarized in a 200 mm. tube. 

The amount of tartaric acid in grams (y) in the weight of 
sample taken is given by the following formula, in which + is the 
rotation in minutes (Appendix 105-108). 

y = 0.00121 x. 

A word of explanation may be given here with regard to the 
function of the citric acid in the above method. It was found that 
although under ordinary circumstances tartaric acid entirely pre- 
vents the precipitation of aluminum hydroxide by ammonia, this 
is not the case when molybdate is present, and, consequently, 
when the ammonia was added to the solution to precipitate the 
magnesium ammonium phosphate, the aluminum was simultane- 
ously thrown down. This not only produced a liquid which was 
extremely difficult to filter, but the precipitate appeared to carry 
down a considerable quantity of the tartaric acid. The addition 
of citric acid prevents the precipitation of the aluminum without 
interfering with the formation of the magnesium phosphate; 
indeed, this precipitate may be ignited and used for the quantita- 
tive determination of the phosphoric acid in the sample. 

It may also be mentioned in this connection that the removal of 
the phosphoric acid by means of molybdate in acid solution is not 
practicable, for when sufficient acid is added to effect this result, 
the molybdic acid rapidly oxidizes the tartaric acid and is itself 
converted into one of the blue reduction products. 
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The above methods cover most of the cases that occur in prac- 
tice. Samples containing tartar emetic cannot, however, be 
analyzed by these methods (without modification), and great cau- 
tion should be exercised in extending any of the methods de- 
scribed to cases involving the presence of foreign substances not 
taken into account in this paper. 


APPENDIX. 


In this section some of the experimental data are recorded. The 
readings were made mostly with a Schmidt & Haensch half- 
shadow instrument, graduated in degrees and minutes. A 200 mm. 
tube was used for the readings. The light was supplied by a 
flame in which sodium chlorate was heated on platinum. It was 
found that the readings for tartaric acid were practically inde- 
pendent of the temperature, and, except where otherwise indi- 
cated, the observations were made at room temperature. The 
rotations recorded in the following tables are expressed in 
minutes. In this section TH, stands for tartaric acid; KHT, 
potassium bitartrate; CaT, calcium tartrate tetra-hydrate; NH,, 
ammonia of sp. gr. 0.924 (11 normal) ; HCl, concentrated hydro- 
chloric acid, 9.2 normal; alum, crystallized ammonia alum. 

The potassium bitartrate and calcium tartrate used in these 
experiments were specially prepared for this work, and found by 
analysis to be almost absolutely pure. 


THE EFFECT OF VARIOUS SUBSTANCES ON THE ROTATION OF TARTARIC 
ACID IN AMMONIACAL SOLUTION. 


Rota- 

tion. 
( 2) 409. “OH, 4 cc,, NH, in too ce. 193.5 
( 2) 4.2. TH, Ss cc. NH, in loo ce. 194 
( 3) 4. g. TH, 40 cc. NH, in 100 ce. 193 
( 4) 4 g. TH, 8 cc. NH; 4 g. ammoniumchloride in roocc. 196 
( 5) 4 g. TH, 8 cc. NH; 4 g. ammonium nitrate. in loo ce. 194 
( 6) 4 g. TH, 8 cc. NH; 4. g. ammonium sulphate in too cc. 196 
( 7) 4 g. TH, 8 ce. NH; 4 g. ammonium oxalate in toocc. 192 
( 8) 4 g. TH, 8 cc. NH; 4_ g. lithium chloride .. in toocc. 187 
( 9) 4 g. TH, 8 cc. NH; 4 g. sodium chloride .. in roo ce. 194 
(10) 4 g. TH, 8 cc. NH; 4_ g. sodium phosphate. in roocc. 188 
(11) 4 g. TH, 8 cc. NH; 4_ g. sodium acetate .... in 1ooce. 186 
(12) 4 g. TH, 8 cc. NH; 4_ g. potassium chloride in too cc. 197 
(13) 4 g. TH, 8 cc. NH; 4 g. potassium bromide in roo ce. 194 
(14) 4 g. TH, 8 cc. NH; 4_ g. potassium iodide... in 1oo cc. 194 
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—_ 
ion, 
(15) 4 g. TH, 8 cc. NH, 4_ g. potassium cyanide. in 1oocc. 194 
(16) 4 g. TH, 8 cc. NH; 4_ g. potassiumchlorate. in 100 cc. 192 
(17) 4 g. TH, 8 cc. NH; 4 g. potassium nitrate. in 1oocc. 196 
( 18) 4 g. TH, 8 cc. NH; 4_ g. potassium sulphate in Ioocc. 197 
(19) 4 g. TH, 8 cc. NH, 1 g. caesium sulphate-. in loocc. 197 
( 20) 4 g. TH, 8 cc. NH; 4_ g. copper sulphate + 

potassium cyanide .......seeee cere cececececees in 100 cc. 196 
( 21) 4 g. TH, 8 cc. NH; 4_ g. silver nitrate ..... in foo ce. 197 
( 22) 4 g. TH, 8 cc. NH; 4 g. magnesiumsulphatein Iooce. 194 
( 23) 4 g. TH, 8 cc. NH; 4 g. zinc sulphate...... in Ioocc. 194 
{ 24) 4 g. TH, 8 cc. NH; 4_ g. zinc acetate ....... in Too ce. 190 
( 25) “4 g. TH, 8 cc. NH; 4. g. cadmium sulphate. in Ioocc. 220 
( 26) 4 g. TH, 8 cc. NH; 4_ g. boracic acid ...... in 1oocc. I50 
( 27) 4 g. TH, 8 cc. NH, 2° g. alum......----eee in Ioo ce. 246 
( 28) 4 g. TH, 8 cc. NH; 4_ g. stannic chloride .-- in 100 cc. 305 
{ 29) 4 g. TH, 8 cc. NH; 4_ g. stannous chloride 

(precipitate filtered Off) .--- +--+ eeeeeeeeee rene in I00 cc. 233 
( 30) 4 g. TH, 16 cc. NH; 2_ g. lead acetate....... in Iooce. 83 
(31) 4 g. TH, 8 cc. NH; 4_ g. sodium arsenite .-- in loo ce. 179 
( 32) 4 g. TH, 8 cc. NH; 4_ g. sodium arsenate... in 1oocc. 185 
( 33) 4 g. TH, 14 cc. NH, 4_ g. bismuth subnitrate + 

6 cc. hydrochloric acid.... ses. sere cece ceee in 100 ce. 25 
( 34) 4 g. TH, 28 cc. NH; 4_ g. bismuth subnitrate + 

6 cc. hydrochloric acid..--...sse sees seer eeeees in 100 cc. II4 
( 35) 4 g. TH, 8 cc. NH; excess of antimony oxide in Iooce. 177 
{ 36) 8.86 g. tartar emetic, ammonia in excess (filtrate) . in roo ce. 178 
( 37) 4 g. TH, 8 ce. NH; 4 g. manganesesulphate in Ioocc. 193 
( 38) The same exposed to the air for a few minutes 167 
( 39) 4 g. TH, 8 cc. NH, 0.1 g. manganese sulphate 

after ExXPOSUTE......--seeseeeceeeceeerecceeee in I00.cc, 183 
( 40) 4 g. TH, 8 cc. NH, 0.02 g. ferric chloride ..-.. in Iovce. 210 
( 41) 4 g. TH, 8 cc. NH; 0.3 g. nickel sulphate.... in loo cc. 202 
( 42) 4 g. TH, 8 cc. NH, 0.1 g. cobalt nitrate...... in rooce. 189 
{ 43) 4.¢. TH, S co NEe@ .g: Citric acid........- in Ioo cc. 192 
(44) 4 g. TH, 16 cc. NH; 4_ g. citric acid......... in loo ce. 194 
( 45) 4 g. TH, 8 cc. NH; 4_ g. cane-sugar ... «.-- in 100 cc. 508 
( 46) 8 cc. NH; 4 g. cane-sugar -----.-- in rooce. 314 

Difference between (45) and (46) due to 4 g. TH, 194 


THE RELATION BETWEEN THE ROTATION AND CONCENTRATION OF TAR- 
TARIC ACID IN AMMONIACAL SOLUTION. 


(47) 1 g. TH, 8 cc. NHg--ese cere cecece sees recess in toocce. 48 

( 48) 2 g. TH, 8 cc. NHyge-ee cece cece ceeeeeeececes in 100 cc. 95.5 
(49) 3 g. TH, 8 cc. NHgeeee sees seceee cece ceeeees in Ioo cc. 145.5 
{ 50) 4 g. TH, 8 Cc. NHg---+eeeeseceeeceeceeeeeess in 100 cc. 193.5 
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EFFECT OF AMMONIA AND AMMONIUM CHLORIDE ON THE ROTATION OF 
CANE-SUGAR. 


( 51) 8.17 g. came-sugar .--.++sseeeeeeeee ccceee seecece in loo cc. 647 

( 52) 8.17 g. cane-sugar 8cc. NH;--------- seseeceees im ooce. 641 
THE SAME IN MORE DILUTE SOLUTION. 

( 55) 2 QZ. CAME-SUGAL- ++. ee eere cece ceceeececeens waiatene in rooce. 155 

( 56) 2g. cane-sugar 4 cc. NHj.-------- teeta ceeeeee - in Iooce. 155 

( 57) 2g. cane-sugar 8cc. NHj.-----+---- seseecesese in Ioo cc. 156 

( 58) 2g. cane-sugar 16 cc, NHg---+ +++ cece ceeeee eee in Too cc, 161 


Consequently more than 4 cc. free ammonia in 100 cc. should be avoided. 
( 59) 2g. cane-sugar 4 cc. NH; 8 g.ammonium chloride in too cc. 155 

Note : 8 g. ammonium chloride are equivalent to about 16 cc. amnfonia ; 
hence, the ammonium chloride has much less influence than the equivalent 
of ammonia. 


EFFECT OF AMMONIA AND AMMONIUM CHLORIDE ON THE ROTATION OF 
INVERTED SUGAR. 


A solution of 16.34 g. cane-sugar in I00 cc. was inverted according to Cler- 
get’s method, 50 cc. being heated with 5 cc. concentrated hydrochloric acid 
to 70° for ten minutes and made up to roocc. On adding ammonia, the so- 
lution turned gradually a bright yellow color, but during the change of color 
the reading did not appear to alter. (Temperature = 19°.) 


( 60) 20cc. of the solution...-...-.++++++ sees made upto 25 cc. 145.5. 
( 61) 20cCc. of the solution 2 cc. NHg----+-.+-- made up to 25 cc. 147.5 
( 62) 20cCc. of the solution 5 cc. NHj-----+-++- made up to 25 cc. 138 


THE SAME IN MoRE DILUTE SOLUTION. (Temperature = 18°.) 
( 63) Inverted sugar equivalent to 1.634 g. cane-sugar, 5 cc. concen- 


trated hydrochloric acid im 100 CC - +++ seeeeecerees cece cece 40 
( 64) Inverted sugar equivalent to 1.634 g. cane-sugar, 5 cc. concen- 
trated hydrochloric acid, 8 cc. NH;----- Bia eielee nadine oes 40 
( 65) Inverted sugar equivalent to 1.634 g. cane-sugar, 5 cc. concen- 
trated hydrochloric acid, 16 cc. NHg----+.--seese cree cveces 37 
( 66) Inverted sugar equivalent to 1.634 g. cane-sugar, 5 cc. concen- 
trated hydrochloric acid, 6.8 cc. NHyg «+--+. eee veeees ceeees 39 


Note : 5 cc. hydrochloric acid are equivalent to about 4 cc. ammonia so 
that these experiments show that a greater excess than 2 cc. in I00 cc. or I 
cc. in 50 cc. should be avoided. 


EFFECT OF MAGNESIUM SULPHATE ON THE ROTATION OF SUGAR AND 
TARTARIC ACID. 
( 67) Asolution was made up containing in 100 cc. the following : 
14.4 g. sodium bicarbonate, 7.6 g. tartaric acid, 5 g. citric acid, and 4.2 g. 
sugar. 
25 cc. of this solution, 2 cc. ammonia, 1.5 cc. concentrated hydrochlo- 
ric acid made up to 50 CC «+--+ eee esate ssa edensbe cocccce 347 








25 cc. of this solution, 2 cc. ammonia, 1 cc. hydrochloric acid, 5 g. 
magnesium sulphate made up to 50 cc.------+---- 
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315 


The same amount of magnesium sulphate, with ammonium chloride to 
prevent precipitation, has practically no effect on sugar alone. 
EFFECT OF ALKALI AND ACID ON THE ROTATION OF TARTARIC ACID IN 
THE PRESENCE OF AMMONIUM MOLYBDATE. 


~ 


68) 
{ 69) 
70) 


~~ 


{ 71) 
( 72) 
( 73) 
( 74) 
( 75) 


{ 76) 


3 ws By 3.33 C0. NB ie es cet ec eeicaseeece ¥eccs's 
3g. TH, 45 ec. NBs os cetscccveseac consarssanes 
3 g. TH, 3.33 cc. NH, about 4 g. ammonium mo- 
lybdate .... -ccccscccs cocccsccccccc center cccece 
3 g. TH, 45 cc. NH;, about 4g. ammonium mo- 
Ly bdate .... ccccesdcccccesce cciepervaccscconcers 
3 g. TH, 3.33 cc. NH;, about 4 g. ammonium mo- 
lybdate, about 4 cc. concentrated nitric acid..... 
3 g. TH, 3.33 cc. NH, about 4 g. ammonium mo- 
lybdate, about 12 cc. concentrated nitric acid -.. 
0.64 g. KHT (impure), 0.65 cc. NH;, 4 g. ammo- 
nium molybdate, 4 cc. normal acetic acid ....... 
0.64 g. KHT (impure), 0.65 cc. NH;, 4 g. ammo- 
nium molybdate, 20 cc. normal acetic acid ...... 
0.64 g. KHT (impure), 0.65 cc. NH;, 4 g. ammo- 


nium molybdate, 40 cc. normal acetic acid.......... 
THE NON-EFFECT OF ALUMINUM AND IRON SALTS, PHOSPHORIC ACID, 


IN THE METHOD OF GRoOvpP III. 


in Ioo cc. 
in I00 cc. 


in 100 cc. 


in 100 cc. 


in I00 ce. 


in 100 cc. 


in 100 cc. 


in I00 cc. 


in I0o ce. 


145 
147 


I501 


152 


1147 


445 


297 


337 


355 


AND SODIUM CARBONATE ON THE ROTATION OF TARTARIC ACID 


In the following experiments the mixtures were treated according to the 


77) 
78) 
79) 
80) 
81) 
82) 
83) 
84) 


PEER ERO 


ent from those described in the paper. 


directions given under Group III, 


0.1 g. KHT, 0.2 g. alum, 0.2 g. calcium acid phosphate...... 


0.1 g. KHT, 0.1 g. sodium bicarbonate ........... 


66.5 


Similar results were obtained using 0.2, 0.05, and 0.025 g. of KHT. 


0.2 2. KHT ooceee cece cccccecccccccccccs cece cece 


0.2 g. KHT, 0.02 g. ferrous sulphate, 0.01 g. ferric chloride -. 
The last two are earlier experiments and were made with solutions differ- 


130 
130 


For this reason the numbers are 


lower than those given below for 0.2 g. KHT, but the two readings show 
that iron has no influence. 
EXPERIMENT TO TEST THE SOLUBILITY OF CALCIUM TARTRATE AND THE 


{ 85) 
{ 86) 


EFFECT OF STARCH. 


The following were treated according to the method I1I. 


0.2 Z. KHT .ccecee coc ccce cece eves cecee-cecceces 


0.1 g. KHT, 0.138 g. CaT (0.1 g. KHT), 0.2 g. alum, 0.3 g. 
phosphate cream of tartar substitute containing starch...... 
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THE ROTATION DUE TO INVERTED STARCH IN COMMERCIAL CREAM OF 
TARTAR SUBSTITUTES AND BAKING-POWDERS. 

In the following experiments 8 g. of the sample and 8 cc. of concentrated 
ammonia were made up to 100 cc. (Note: Samples of corn starch, 
when treated in this way, gave filtrates which were practi- 
cally inactive.) 


Starch. 
Description. Brand. Percent. Rotation. 
( 87) Superphosphate substitute SAS 26 8.3 
( 88) Superphosphate substitute eaiats 13 10.4 
( 89) Phosphate baking-powder Q. 37 3.3 
( go) Alum baking-powder H.C. 50 15.8 
( 91) Alum baking-powder J 52 18.3 
( 92) Alum-phosphate baking-powder B.R. 48 2.9 
( 93) Alum-phosphate baking-powder W. S. 49 8.3 
( 94) Alum-phosphate baking-powder wW. S. 49 II.0 
( 95) Alum-phosphate baking-powder Ww. S. 49 11.3 
( 96) Alum-phosphate baking-powder Cc. 46 —0.2 
(97) . Alum-phosphate baking-powder G. S. 52 5.4 
( 98) Alum-phosphate baking-powder G. S. 52 5.6 
( 99) Alum-phosphate baking-powder W. E. 50 14.8 
(100) Alum-phosphate baking-powder $s. C 51 10.4 
(101) Alum-phosphate baking-powder U. 50 3.5 


EXPERIMENTS TO SHOW THAT THE ROTATION OF INVERTED STARCH IS 
Not INCREASED BY MOLYBDATE. 
(102) 4g. phosphate substitute, 8 cc. NH; to 100 CC..+++seeeee vere 4 
(103) 0.5 g. phosphate substitute, treated by molybdate method.... fe) 
(104) A solution of inverted starch was prepared by treating starch with 
sulphuric acid and removing the latter by barium carbonate. This solution 
was diluted so that : 
20 cc, and 8 cc. NH, made up to 100 CC. Zave-sseeeseeeeeeeeeeee 9 
5 cc. of the same solution treated by molybdate method........ 2 


RELATION BETWEEN AMOUNT OF TARTARIC ACID AND THE ROTATION IN 
THE MOLYBDATE METHOD. 


The following are the averages of the best agreeing results of several exper- 
iments: In each case the substances were treated as described under III. 


BIOS PO Lae Ed: oes 6 eine. 5) 5Sialn cede alerienw wie die oiele ey co's os. svar oles 133 
CORI) aes TEN ininss wicibin ah 40, serarisisciiancls <cicwlaels «9% sabereisieelevisigce 66 
7) FOO eo 6.0 o's 6:65 sie. sisin 6 inp disin cin d.0'e1a.cie sie elsie wise u a weivis ae 32 
(TON) pO. GAG i RENT 605950550 cs sin oe'setais dsc alesse isi etidesdeeves ses 16.2 


TEST ANALYSES BY THE SEVERAL METHODS DESCRIBED. 
(109) Test Analysis, Group I (1)and (2).—Separation of cream of 
tartar and calcium tartrate. A mixture was made up of 2 g. 
KHT ando.2 g. CaT and treated as directed under GroupI(2) 167 
The same mixture treated according to I (1)--++++++++e+++ 

















er- 


3 
6 
2 
(6.2 


57 
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The mixture contains 0.798 g. tartaric acid as bitartrate and 0.058 g. 
tartaric acid as calcium tartrate, or total TH, = 0.856 g. 
The amounts calculated from the rotations are : 
Total TH,, 0.865 g., TH, as bitartrate, 0.815. 
(110) Test Analysis, Group II (r).—A mixture was prepared correspond- 
ing to the sodii cit. tartras effervescens of the B.P. 
13.72 grams sodium bicarbonate 
4.92 grams citric acid 
7.30 grams tartaric acid 
4.06 grams sugar 





30.00 
The whole was dissolved in cold water and made up to too ce. (sol. 4). 
25 cc. of this solution and 1 cc. NH; made up to 50 cc. gave 334’ (a). 
25 cc. of A required 4.2 cc. concentrated HCl to decolorize methyl violet. 
25 cc. of A were heated with 4.2 + 2.5 cc. HCl to 70° for ten minutes, 
then methyl orange was added and 5 + 1 cc. NH;. The solution, made up 
to 50 cc., gave a reading of........-. (Temperature = 20°) 125’ (6) 
from which the sugar z = 3.97 g. 
From this the’rotation of the uninverted sugar in the 100 cc. is 
3-97 X 79-7 = 317’, 
and therefore the rotation of the tartaric acid 
XH =\2 X 334 — 317 = 351, 
from which the weight of tartaric acid 
I = 4 X 0.00519 X 351 = 7.28. 
(111) Zest Analysis, Group II (2).—‘ Effervescing magnesium sulphate’’ 
(B.P.) was prepared as follows : 
20.0 grams magnesium sulphate 
14.4 grams sodium bicarbonate 
7.6 grams tartaric acid 
5.0 grams citric acid 
4.2 grams sugar 
The analysis was carried out exactly as described in the account of this 
method in the text, 3. g. sodium phosphate being used to precipitate the 


magnesium. 
The following readings were obtained : 
Etc ciducoondecests sea erent ecasunsieaearas 68/ 
(d) (Temperature = 18°) .--+ sees cece eee 13/ 


from which 





the sugar, z = 10 X (68 a x nn 3.96, 
and the tartaric acid, 
¥ = 4 (680 -— 79 X 3.96) 0.00519 = 7.62. 
In both the above experiments, it must be admitted, the tartaric acid comes 
out better than should be expected from the error in the sugar. 
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(112) Zest Analysis, Group IIJ.—The following mixture was made up 
and analyzed by the method described under the above head. 0.5 
gram were taken for analysis. 

1.0 gram potassium bitartrate 

1.0 gram calcium tartrate 

0.5 gram alum 

1.0 gram phosphate tartar substitute 


This mixture contains 32.9 per cent. tartaric acid. 
Amount found : 33.4 per cent. tartaric acid. 


UNIVERSITY OF MANITOBA, 
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UNIVERSITY OF TORONTO, June, tye 


[CONTRIBUTIONS FROM THE LABORATORIES OF THE MASSACHUSETTS 
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THE EQUIVALENT CONDUCTIVITY OF THE HYDROGEN 
ION DERIVED FROM TRANSFERENCE EXPERI- 
. MENTS WITH HYDROCHLORIC ACID. 
By A. A. NOYES AND G. V. SAMMET. 
Received August 1, 1902. 


I, PURPOSE OF THE INVESTIGATION. 


In calculating the degree of dissociation of a weak acid from its 
conductivity, it is first necessary to determine in some indirect way 
the value of its molar conductivity that corresponds to complete 
dissociation. This has been commonly done by adding to the 
molar conductivity of its sodium salt at extreme dilution the dif- 
ference between that of hydrochloric acid and that of sodium 
chloride. The results so obtained may, however, be in error by a 
considerable amount, by reason of the fact that impurities in the 
water make it impossible to determine accurately the conductivity 
of hydrochloric acid (or any other strong acid) at a dilution 
where the dissociation is substantially complete. The values ordi- 
narily employed have been obtained, therefore, by estimating, with 
the help of the change in the observed conductivity with the dilu- 
tion, the probable effect of the impurities, and by making allow- 
ance for this effect. 

A second, independent method that might be applied to the 
calculation of the molar conductivity of completely dissociated 
hydrochloric acid is to divide the equivalent conductivity of the 
chlorine ion by the transference number of moderately dilute hy- 
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drochloric acid. The former of these two values is already known 
with a fair degree of accuracy and certainty as a result of many 
transference and conductivity investigations on sodium and potas- 
sium chlorides. The latter has also been determined by Hittorf, 
Bein, Hopfgartner, and Jahn and Bogdan in connection with other 
transference experiments; but its importance in furnishing a 
reliable basis for the calculation of the dissociation-constants of 
acids has seemed to us to make it worthy of a more thorough 
investigation, especially as we had reason to expect that by em- 
ploying the method previously described in this Journal* accurate 
results could be attained. It is the purpose of this article to 
present the results of such an investigation carried out with 
hydrochloric acid, mainly of 1/60 normal concentration and at the 
three temperatures of 10°, 20°, and 30°. To assist in the inter- 
pretation of the results, new determinations of the conductivity of 
the acid at these temperatures are also communicated. 


II. PREPARATION AND STANDARDIZATION OF SOLUTIONS. 


To insure their purity, all of the hydrochloric acid solutions 
submitted to electrolysis, except those numbered 1 and 2 for which 
chemically pure commercial acid was used, were made by diluting 
especially prepared concentrated solutions with water which had 
been distilled from alkaline permanganate. The concentrated 
acid used in the preparation of the solutions numbered 6, 7, 8, and 
Q was made by generating hydrochloric acid gas by the action of 
pure concentrated sulphuric acid upon sodium chloride purified by 
previous precipitation with hydrochloric acid gas, conducting it 
through a wash-bottle containing a little water, and then absorbing 
itin pure water. For preparing solutions 3, 4, and 5, hydrochloric 
acid gas was generated by dropping concentrated sulphuric acid 
into pure concentrated hydrochloric acid solution ; the gas wasthen 
washed and absorbed as before, and the resulting solution was ap- 
propriately diluted. The water used for all of the solutions em- 
ployed in this investigation had at 25° a specific conductivity of 
less than 1.5 X 107° reciprocal ohms. 

The hydrochloric acid solutions were standardized by precipi- 
tating 150-gram portions with silver nitrate with the addition of 
2 cc. of strong nitric acid, heating half an hour to just below boil- 

1 Noyes: This Journal, 23, 39. 
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ing, collecting the precipitates, after washing them by decantation 
with cold water, in platinum Gooch crucibles, and drying them at 
135° for twelve hours or more till the weight was constant to 0.1 
milligram. 

An approximately 0.1 normal barium hydroxide solution 
was prepared from the recrystallized commercial product, and 
was preserved in a bottle so arranged with a soda-lime tube and a 
delivery tube that portions could be drawn from it without intro- 
ducing carbon dioxide from the air. It was proved to be entirely 
free from chloride by evaporating 100 cc. with nitric acid and test- 
ing with silver nitrate. 

This barium hydroxide solution was standardized in terms of 
the hydrochloric acid solutions by titrating it with the help of 
phenolphthalein against 150-gram portions of the acid. Through- 
out these experiments all measurements of solutions were made 
by weight, and not by volume. The barium hydroxide solution 
was delivered from a long cylindrical 120-cc. drop-funnel, fitted 
with a perforated rubber stopper with a soda-lime tube, and hav- 
ing its delivery tube drawn to a point 10 cm. below the stop-cock. 
The drop funnel was filled by connecting the end of the delivery 
tube with the tube leading into the barium hydroxide bottle, and 
drawing the solution into the funnel by applying suction at the 
top, thus preventing the solution from coming into contact with 
the air. The end of the delivery tube was capped with a small 
test-tube during the weighings. ‘ 


III. DESCRIPTION OF THE METHOD. 


The apparatus used was that designed for the transference work 
previously done in this laboratory. it consists of two large 
U-tubes of a bore of 3.5 cm. and a height of 40 cm., each of which 
has the top of one of its arms bent at right angles and has a small 
upright tube sealed into this bend so that the stem of a pipette can 
be introduced through it to the bottom of the U-tube. During 
the electrolysis the bent ends of the two tubes were joined by a 
piece of soft rubber tubing, and the tubes were clamped in a suit- 
able support. The cathode was a spiral of platinum wire. The 
anode was a round plate of silver, 2 mm. thick, just large enough 
to enter the tube; it was riveted to a stout silver wire, which was 
1 Noyes : This Journal, 23, 42 (1901). 
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connected with a platinum wire sealed in a glass tube that passed 
through a rubber stopper fitting the mouth of the U-tube. The 
silver anode has, over the cadmium or zinc anode which has been 
hitherto employed, the advantage that no foreign substance is 
introduced by it into the solution, since only insoluble silver chlo- 
ride is formed at its surface. This makes it possible to increase 
the proportion of the acid transferred. 

Given in outline, the method of carrying out the transference 
experiments consisted in passing a suitable current for three hours 
through the standardized hydrochloric acid solutions in the 
apparatus just described, determining the quantity of electricity 
by means of silver voltameters placed in series with it, dividing 
the electrolyzed solution into a cathode, an anode, and three middle 
portions, titrating each of these except the anode portion with 
barium hydroxide to determine the concentration-changes of the 
hydrogen ion, and precipitating all five of them with silver nitrate 
and weighing the precipitates to determine the concentration- 
changes of the chlorine ion. From the analyses of the cathode 
and anode portions three separate values of the transference- 
number were obtained, and by the analysis of the middle portions 
it was made certain that no error arose through convection. Ina 
few of the experiments, those first made, the acidimetric titrations 
were omitted, however. 

The details of the procedure were as follows: Before filling 
the tubes with the solution each was weighed separately, the 
anode tube containing its electrode. They were then joined with 
a piece of tight-fitting soft rubber tubing, which was wired on and 
completely covered with vaseline to prevent danger of leakage. 
The anode tube was first filled with the acid solution up to 5 or 6 
cm. of the top, and then corked tightly, the electrode being ad- 
justed so as to be about 6 to 7 cm. below the surface of the liquid. 
The cathode tube was then charged with the solution until it half 
filled the outer arm; then the stopper with the electrode was 
tightly inserted, and the middle part of the apparatus completely 
filled through the small upright tubes, which were then stoppered. 
It was necessary to fill the anode tube to the higher level so as to 
lengthen that portion; for otherwise the changes in concentration 
would extend too far beyond the bend, up into the inner arm of ‘1e 
tube. 
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At least half an hour before the electrolysis was started, the U- 
tubes were immersed in a large thermostat at the proper tempera- 
ture to such a depth that the middle horizontal part of the appa- 
ratus was entirely covered. When the temperatures had equalized 
themselves, the electrodes were connected through a switch, a 16- 
candle-power 220-volt lamp, a Weston milliammeter, and two 
silver voltameters, with the terminals of a 110-volt circuit; and 
the current was turned on. The silver voltameters consisted of 
platinum dishes (which served as the cathodes) containing a 15 
per cent. silver nitrate solution, just beneath the surface of which 
was placed a horizontal silver plate (to serve as anode) which was 
wrapped with filter-paper, and supported by a silver rod riveted 
through it. One of these voltameters was inserted at each end of 
the electrolytic apparatus. The milliammeter served only to indi- 
cate roughly the strength of the current. 

The electrolysis was allowed to continue for three hours in all 
the experiments. The current was closely watched, and, if at any 
time it tended to diminish, the external resistance was changed, so 
as to keep the current approximately constant. | 

At the end of the electrolysis, the cathode was removed, shaking 

, off any drops that adhered to it, and a rubber stopper was 
inserted in its place. The stoppers in the middle upright tubes 
were then removed, and three middle portions were withdrawn 
slowly by means of a pipette connected with a suction pump, the 
tip being lowered gradually so as to be always just beneath the 
surface of the liquid. These portions were transferred to tared 
flasks and weighed. ‘The first portion extended to just below the 
bend in the middle horizontal part of the tubes; the other two 
portions reached in the inner arms to just above the level of the 
bends at the bottom of the tubes. The apparatus was next re- 
moved from the thermostat and separated at the rubber band; the 
tubes were wiped dry on the outside; the liquid adhering to the 
inside of the upper part of the middle arms was also removed; 
and the tubes were then weighed separately. 

The cathode portion was now titrated in the tube by adding 
barium hydroxide solution from a weighed drop-funnel such as 
was described in Section 2 above. It was then transferred to a 
beaker and analyzed for its chlorine-content in the same manner as 

the solution had been previously standardized. The middie vor- 
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tions, also, were titrated with the alkali, and then analyzed for 
chlorine in the same way. The anode portion when titrated with 
barium hydroxide was found to give utterly discordant results, 
owing probably to the liberation of some oxygen at the electrode 
and the production of a corresponding quantity of acid. It was 
therefore not titrated in most of the experiments. Its chlorine- 
content was determined in the following manner. The main solu- 
tion containing silver chloride in suspension was poured into a 
beaker from the U-tube, which was rinsed out with enough ammo- 
nia to dissolve all the precipitate. The electrode, which was in- 
crusted with silver chloride, was treated for an hour with con- 
centrated ammonia with frequent. rubbing; and after decanting 
the solution into the main solution, the electrode and the deposit 
of loose silver from it were warmed with nitric acid, until the sur- 
face layer had dissolved off the electrode. The solution and any 
residue of silver chloride remaining were washed into the main 
solution, which had meanwhile been filtered to remove particles of 
silver. The solution was now made acid with nitric acid and 
treated with an excess of silver nitrate, the precipitate being 
collected and weighed as before. 

The filtrate from the silver chloride precipitate was treated with 
sulphurous acid and allowed to stand on a hot plate over night, in 
order to test it for free chlorine or oxyacids of chlorine. In only 
one of the final determinations did a precipitate appear; this was 
filtered off, washed and weighed, and added to the main quantity 
of the silver chloride precipitated. In several preliminary deter- 
minations, however, it was found that the anode values were 
abnormally low, and that the filtrate from the silver chloride gave 
a considerable precipitate with sulphurous acid on standing ten to 
twelve hours. This difficulty was entirely removed by reducing 
the current density. It was found that when the current was less 
than 4.5 milliamperes per square centimeter no free chlorine was 
generated. 

After the electrolysis had continued for an hour or so, it was 
occasionally observed that the current rapidly decreased, owing to 
an increase in the resistance at or near the anode. ‘This arose 
either from its becoming too thickly coated with silver chloride or 
from the solution in its immediate neighborhood becoming nearly 
exhausted. The first of these effects was greatly diminished by 
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reducing the current-strength ; the second, by: placing the anode 
6 to 8 cm. below the surface of the liquid, so that the weakened 
solution would rise and cause a slow stirring in the neighborhood 
of the electrode, thus increasing the quantity of electrolyte avail- 
able for electrolysis. Under these conditions, the current could 
be kept practically constant during the three hours of an experi- 
ment. 

In every experiment, the silver chloride formed a cloud around 
the anode and then extended slowly down the tube to the bend, 
where it formed a perfectly sharp line at the level of the top of the 
bend. The formation and maintenance of this sharp line showed 
conclusively that there was no stirring taking place in the tubes. 


IV. THE EXPERIMENTAL DATA AND RESULTS. 

The first experiments were made with approximately 1/20 nor- 
mal hydrochloric acid; but most of the work was done upon an 
acid three times more dilute, as this was about the limit to which 
the dilution- could be carried without some sacrifice of experi- 
mental accuracy. ‘The exact concentrations of the various solu- 
tions employed are given in the following table expressed in milli- 
grams of silver chloride per gram of solution. Each value is the 
mean derived from a series of analyses, and its probable accuracy 
is indicated by the number of these and its average deviation 


(A. D.)2 

Solution Analyses Concentra- A. D. of the 

number. made. tion. ‘ result. 
I 3 7-3651 0.0001 
2 3 7.7091 0.0007 
3 3 6.7519 0.0013 
4 3 7-3924 0.0017 
5 3 2.4813 0.0011 
6 3 2.4537 0.0007 
7 4 2.5268 0.0008 
8 5 2.4718 0.0003 
9 4 2.4789 0.0001 


Two different barium hydroxide solutions were employed. The 
first of these, approximately 1/6 normal, was standardized sepa- 
rately against acid solution No. 7 and another standard hydro- 
chloric acid solution which was not used in the final experiments, 
and its concentration was found to correspond to 24.203 and 


1 This is the average deviation (a. d.) of the separate values from the mean divided by 
the square root of the number of values and is equal to 1.18 times the ‘‘ probable error.” 
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24.191 milligrams silver chloride per gram solution, respectively, 
the divergence being therefore only 0.05 per cent. The second 
solution, roughly 1/12 normal, was standardized against solutions 
Nos. 8 and 9, and its concentration was found to correspond to 
12.612 and 12.600 milligrams silver chloride per gram solution, 
respectively (divergence, 0.1 per cent.). Each barium hydroxide 
solution was used in titrating, after the electrolysis, the acid solu- 
tions against which it had been standardized. 

The data of the experiments and the calculated transference 
values are given in the following tables. The first column con- 
tains the number of the experiment ; the second, the number of the 
acid solution used; the third, letters representing the different 
portions submitted to analysis, K signifying the cathode solution, 
M,, the adjoining middle portion, M the next portion, 17, the por- 
tion adjoining the anode, and A the anode portion itself; the 
fourth gives the weight in grams of the portions analyzed; the 
fifth column, vacant in the case of the first fourteen experiments, 
contains the number of grams of barium hydroxide solution used 
in neutralizing the portions after the electrolysis; the sixth con- 
tains the initial content expressed in milligrams of silver chloride 
as calculated from the weight of the portionandthestandardization 
value ; the seventh, the final content determined by direct weighing 
of the silver chloride, and, on the line below, except in the first 
fourteen experiments, the value of it calculated from the barium 
hydroxide used; the eighth, the change in content of the separate 
portions ; the ninth, the total change in content, which includes the 
changes in the portions adjoining the cathode and anode; 
the tenth, the milligrams of silver precipitated in the volt- 
ameters; and the eleventh, the calculated transference numbers 
multiplied by 1000.* 


1 The way in which these were calculated may be illustrated with the help of the data 
obtained in the second experiment. The cathode portion submitted to analysis weighed 
452.76 grams and was found to yield 3158.8 mg. of silver chloride. To determine the origi- 
nal content the weight of the portion is multiplied by the original concentration of the 
solution (7.3651 mg.), which gives 3334.6. The decrease in concentration at the cathode is, 
therefore, 175.8 mg. Adding to this the decrease in the adjoining middle portion (1.0 mg.) 
and dividing by the equivalent weight of silver chloride (143.38) and by the number of 
equivalents of silver (803.3/107.93) precipitated in the voltameter, the transference number 
is found to be 0.1656. 
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1 In the analysis of this portion some silver chloride was obtained on boiling the 
filtrate from the silver nitrate precipitate, with sulphurous acid. This silver chloride was 
filtered, washed, weighed, and added to the weight of the first silver chloride precipitate. 
It amounted to 3.4 mg. 
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a.d., 
AD., 


Anode. 
166.2 
169.0 
166.7 
167.9 
168.2 
159.3” 
165.4 
166.7 
167.4 
166.8 
167.3 
167.16 
0.80 
0.25 


Cathode 


from AgCl. 


167.3 
169.0 
165.3 
164.1* 
166.3 
166.9 
166.4 
167.3 
166.7 
166.8 
168.2 


167.02 


0.74 
0.23 


Final mean, 167.43 
A.D., 





0.25 


Cathode 
from BaOeHe. 


168.3 
167.2 
168.5 
167.4 
167.5 
168.2 
167.85 
0.48 
0.19 
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"/g9>- MOLAR HCI aT 10°. '/eg- MOLAR HCl AT 30°. 
Cathode Cathode Cathode Cathode 
Expt. from from Expt. from from 
No. Anode. AgCl. BaO.He No. Anode. AgCl. BaOoHe. 
21 157.1* 158.3 lost 27 177.4 176.1* 176.8 
22 159.1 158.9 157.8 28 177.9 177.6 176.9 


23 159.4 158.8 158.6 29 177.9 199.3 177.0 
24 158.0 159.2 159.2 30 177.9 177.5 177.3 
25 147.4* 157.4 158.0 31 177.9 165.9* 177.2 
26 158.9 159.6 157.1 32 BIG.a" = 1977.3 176.9 
Mean, 158.85 158.70 158.14 Mean, 177.80 177.42 177.01 


a.d., 0.42 0.57 0.61 a.d., 0.16 0.12 0.15 
A>D;, © oat 0.23 0.27 A.D., 0.08 0.06 0.06 
Final mean, 158.62 Final mean, 177.34 

A.D. 0:35 A.D., ..0.16 


In obtaining the means of the values by each different method, 
those values designated by an asterisk in the tables were omitted. 
These values all deviate from the mean calculated without them 
by more than four times the average deviation of the other values © 
from the mean. This average deviation is represented in the 
tables by a.d. By dividing this by the square-root of the number 
of observations, the “average deviation of the mean” represented 
by A.D. was calculated. The “final means” were obtained by 
combining the separate means, assigning to each a weight in- 
versely proportional to the square of its A.D. 


VI. PROBABLE ACCURACY OF THE RESULTS. 


The probable degree of accuracy of the results both with respect 
to accidental and systematic errors may first be considered. In 
this connection it should be stated that all the determinations are 
recorded which were carried to completion after the method was 
perfected. 

The four things that might affect the accuracy of the results are 
impurities in the acid solution electrolyzed, inaccuracy or variation 
in the temperature, errors in the voltameter measurements, and 
errors in the electrolysis or analysis of the solutions. 

The purity of the samples of acid used is perhaps sufficiently 
demonstrated by their methods of preparation, and that of the 
water by its slight conductivity. That the acid solutions contained 
no impurity that could affect the results is further proved by the 
agreement of the transference values obtained with the acid from 
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three different sources,’ of the electrical conductivity (in the case 
of solution 9) with that found by other investigators, (see below), 
and of the transference numbers calculated from the H’ concentra- 
tions with those calculated from the Cl’ concentrations, thus prov- 
ing that no other ions participated in the transference. 

The temperatures were determined with a thermometer which 
was corrected by comparison with the standard of the Physical 
Department of this Institute. They were kept constant during 
the experiments within 0.02°, which is entirely sufficient as the 
temperature-coefficient of the transference-number is 0.6 per cent. 
per degree. 

The voltameter measurements were made in accordance with 
the legal specifications, and were checked in almost all the experi- 
ments by inserting in the circuit two voltameters, one on each side 
of the electrolysis apparatus, thus preventing any error from 
leakage of electricity. The two values will be seen to check within 
0.1 per cent. in all cases.? 

Of the errors in the electrolysis and analysis of the solution the 
results themselves furnish a criterion in four different ways: 
namely, through a consideration of (1) the changes in concentra- 
tion of the middle portions; (2) the agreement of the similarly 
determined transference-numbers in the different experiments ; 
(3) the agreement of those calculated from concentration-changes 
at the two different electrodes in the same experiment; and (4) 
the agreement of those calculated from the concentration-changes 
of the two different ions. These four considerations will be 
taken up in the order named. 


(1) It will be seen that the change in the middle portion of all 
is in only a very few cases more than 0.05 per cent and therefore 
no greater than the analytical error, and that the changes inthetwo 
adjoining middle portions are very small, showing that the changes 
at the electrodes were caused only by the transference and were 


1 Thus experiments 1-5 were made with solutions prepared from chemically-pure 
commercial acid, experiments 12-32 with solutions made from hydrochloric acid gas 
generated from sodium chloride, and experiments 6-11 with solutions made from hydro- 
chloric acid gas liberated from the commercial acid. 

2 We have not thought it necessary to correct our results for the deviation shown to 
exist by Richards, Collins, and Heimrod (Proc. Am. Acad., 3§, 123) between the results of 
the legal silver voltameter and the requirements of Faraday’s law; for this deviation 
amounts to less than o.1 per cent. 
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not at all affected by convection currents. That there was no 
convection on the anode side was also shown, as was stated above, 
by the sharp line formed by the finely suspended silver chloride in 
the bend of the tube. No error was possible, of course, from the 
participation in the transference of foreign ions produced by the 
electrolysis ; for the materials of the electrodes precluded this. 

(2) The percentage average deviations (100 a.d./mean) of 
the separate values from the mean are nearly identical for the 
gravimetric cathode and anode values in each of the four series of 
experiments, and amount to 0.59, 0.44, 0.13, 0.09 with 1/20 molar 
HCl at 20°, and 1/60 molar at 20°, at 10°, and at 30°, respectively. 
The corresponding percentage “average deviations of the mean” 
(100 A.D./mean) are 0.19, 0.14, 0.14 and 0.04, respectively. 
These last values may be regarded as measures of the precision of 
the separate means, as far as the effect of accidental errors is con- 
cerned. 

(3) It will be seen from the summary of the transference- 
values that the means calculated from the anode-portion analyses 
do not differ from those from the cathode-portion analyses by 
more than 1/4 per cent. in any one of the four series of experi- 
ments. Moreover, the average deviations of these means are 
nearly identical, thus showing that the more complicated pro- 
cedure in the case of the anode portion did not introduce any error. 
This agreement not only eliminates to a greater extent the effect of 
accidental errors, but proves the absence of certain imaginable 
systematic errors of a greater magnitude than this, in the analysis 
of the solution; for, since at the cathode there is a decrease and at 
the anode an increase in the chlorine-content, the results would be 
affected by such errors in opposite directions ; thus, this is true of 
errors in the determination of the original-content of the solution 
and of errors from loss of silver chloride or particles of asbestos 
from the crucibles in the final analyses. 

(4) The mean transference-numbers calculated from the acidi- 
metric titrations differ from those derived from the silver-chloride 
weighings by 0.33-0.39 per cent. in the three ditterent cases. 
Within these limits, therefore, the agreement of the results by the 
two independent methods of analysis gives a further confirmation 
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of the accuracy of the analytical work. It shows, also, as stated 
above, that no ions other than those coming from the hydrochloric 
acid took part in the transference. 

As the final means were obtained by a combination of the 
results of the three series of independent analyses, and as it is not 
possible that there was any considerable error except in connection 
with the electrolyzed solution, the average deviations of the final 
means are a measure of their probable accuracy with respect to 
errors from all sources. These average deviations lie between 
0.10 and 0.15 per cent. in the case of the four series of experi- 
ments. It seems certain that the actual error cannot in any case 
exceed three times the larger of these deviations or 0.45 per cent. 
The probable and possible percentage errors would, of course, be 
only about one-fifth as great if the results were calculated for the 
cathion (instead of for the anion), as has been done by some 
investigators. 


VII. COMPARISON WITH THE RESULTS OF PREVIOUS INVESTI- 
GATIONS. 


Transference numbers for hydrochloric acid were first published 
by Hittorf in his original memoirs on the general subject. As the 
values in the dilute solutions deviate greatly from all those more 
recently obtained, and as their accuracy was doubted by that 
investigator himself, they do not need to be considered here. 
Within the last four years, however, three other series of determi- 
nations have been communicated, namely by Hopfgartner,’ Bein,? 
and Jahn and Bogdan.* We have reduced their determinations, 
which were made between 9° and 19°, to 20° by means of the 
temperature-coefficient which we found between 10° and 20°, 
which is identical, moreover, with that given by Bein. We recall 
that our values at 20° are 165.69 (A.D. = 0.12, 9 experiments, 18 
values) for the 1/20 molar solution, and 167.43 (A.D. = 0.25, 11 
experiments, 26 va.ues) for the 1/60 molar solution. Hopf- 
gartner’s results with 1/10 and 1/5 molar solutions lead to 168.0 
(A.D. = 1.6; 9 values) ; Bein’s with 1/7 to 1/70 molar, to 172.4 


1 Ztschr. phys. Chem., 25, 135 (1898). 
2 Jbid., 27, 32, 49 (1898). 
3 Jbid., 37, 679 (1901). 
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(A.D. = 1.7; 5 values’; Jahn and Bogdan’s, with 1/32 to 1/80 
molar, to 176.0 (A.D. = 0.85; 11 values). 

in view of the large average deviations of these results, their 
wide divergence from one another, and the facts that, except in the 
case of Bein’s, they were not controlled by analyses of the portions 
at both electrodes and that in the cases of all of them the middle 
portions exhibited considerable changes, it seems probable that 
our values are nearer the true ones than any that might be obtained 
by combining them with these earlier results. The greater errors 
in these probably arose from two causes: first, the changes in con- 
centrations in the portions around the electrode were small, 
amounting only to from 2 to 6 per cent. of the total salt-content ; 
and secondly, a considerable proportion of the changes in concen- 
tration that did occur was in the middle portion, this proportion 
amounting to from 3 to 8 per cent. in most of Bein’s experiments ; 
in Jahn and Bogdan’s experiments the percentage changes in con- 
centration indicate that it was considerable, but the proportion of 
the total change cannot be stated since they failed to give the 
weights of the middle portion. In our experiments the changes 
in concentration were from 10-15 per cent. of the total salt con- 
tent, and the changes in the middle portions were only from 0.1 to 
0.3 per cent. of the total change. 


VIII. CHANGE OF THE TRANSFERENCE-NUMBERS WITH THE CON- 
CENTRATION. 

It will be seen that at 20° the transference-number increases by 
just about I per cent. in passing from the dilution of 20 to that of 
60 liters. It is not impossible that this apparent change arises 
wholly from experimental errors, as the 1/20 molar solution was 
the one first investigated, the average deviation of the separate 
values from the mean is greater than in any other case, and the 
results were not checked by an acidimetric titration. Still it is not 
probable that this is the case; for it would be necessary to assume 
errors of about three times the A.D’s in the final means of both the 
1/20 and 1/60 molar solutions, and that these lay in opposite 
directions. Even assuming that the whole change is real, it is 
still small enough to indicate that the value at infinite dilution 
cannot differ much from that at 1/60 molar. This is made still 


1 The two experiments to which a weight of 4 is assigned are here considered as one. 
The three to which a weight of ¥ is given are left entirely out of consideration. 
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more probable by the consideration that the undissociated portion 
of the acid at that dilution amounts to only 6 per,cent., and espe- 
cially by the results of Jahn and Bogdan, which show no syste- 
matic change whatever in the transference-number between the 
dilutions of 32 and 110 liters. Still it must be admitted, that, 
though not probable, yet it is possible that an error of I to 2 per 
cent. would be made by assuming no further change in the trans- 
ference number after 1/60 molar is reached. 


IX. MEASUREMENTS OF THE CONDUCTIVITY OF HYDROCHLORIC 
ACID. 

To assist in the discussion of the results it was desirable to 
know the temperature-coefficient of the conductivity of the hydro- 
chloric acid between the temperatures in question. The con- 
ductivity of the acid was therefore measured by the usual Kohl- 
rausch method at 10°, 20°, and 30° and at two dilutions. The 
results are given in the following table. The first column gives 
the temperature ; the second, the volume in true liters’ containing 
1 mol; the third, the measured conductance in reciprocal ohms; 
the fourth, the molar conductivity calculated therefrom’, and re- 
ferred to the cubic centimeter as the unit of volume; the fifth, 
the values of it calculated from Kohlrausch’s data* at 18° and 
Déguisne’s temperature-coefficients* ; and the sixth, the changes in 
conductivity for each interval of 10°. 


Tempera- Molar conductivity. Change in conductivity. 
ture. Dilution. Conductance. N.andS. K.andD. N.andS. K.andD. 
10° 57.84 0.01994 316.4 319.1 are 60.8 
20° $7.95 0.02375 377-6 379.9 60.0 59.6 
30° 58.07 0.02747 437-6 439.5 
10° 251.8 0.004662 322.1 324.5 62.3 61.8 
20° 252.3 0.005553 384.4 386.3 61.3 60.6 


30° 252.8 0.006426 445.7 446.9 


It will be seen that our values of the conductivity and those of 
Kohlrausch and Déguisne agree within I per cent., and that the 


1 The same solution was always measured at the three temperatures, the volume being 
corrected by means of the expansion-coefficient of water. 

2 The conductance at 20° of the resistance-cell when filled with 1/50 molar potassium 
chloride prepared as directed in Kohlrausch and Holborn’s ‘‘ Leitvermégen der Elektro- 
lyte,”’ page 77, was 0.009116 and 0.009114 respectively before and after the hydrochloric acid 
measurements. This value was divided into the constant 0.002501 given on page 204, 
yielding 0.2744 as the cell constant. 

8 Wied. Ann. Phys., 66, 811 (1898). 
4 Kohlrausch and Holborn’s ‘‘Leitvermégen der Elektrolyte,”’ pp. 11, 199. 
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changes of conductivity with the temperature agree almost com- 
pletely. The temperature-coefficient is, moreover, almost exactly 
the same at the two dilutions when expressed in percentage of the 
value at 20° ; namely, between 10° and 30°, it is, according to our 
determinations, 1.605 per degree at 1/58 molar, and 1.607 at 1/252 
molar. 


X. THE EQUIVALENT CONDUCTIVITY OF DISSOCIATED HYDROCHLO- 
RIC ACID AND OF THE HYDROGEN ION. 


The equivalent conductivity of the chlorine ion at 18° and its 
temperature-coefficient between 2° and 34° has been calculated by 
Kohlrausch? on the basis of the exact conductivity determinations 
of Kohlrausch and Maltby on potassium chloride, the temperature- 
coefficients of Déguisne, and the value 0.503 for the transference 
number of the anion in potassium chloride. The conductivity 
values extrapolated for infinite dilution were made the subject of a 
careful study, and that adopted for potassium chloride is undoubt- 
edly the best that can be obtained. It seems to us desirable, how- 
ever, to réview briefly here the recent determinations of the trans- 
ference-numbers of potassium chloride, in order to arrive at the 
best possible value and to form an estimate of its accuracy; 
especially since new determinations have been published since 
Kohlrausch’s calculations were made. All the recent results 
(multiplied by 1000) are summarized in the following table. 


Dilution Numberof Mean _ A.D. of 


Investigator. Temperature. in liters. experiments. value. mean, 
Bein? ....+2--eeee- 9°-12° 12-90 3.5° 505.1 0.6 
Jahn and Bogdan’. 18°-19° 30-120 II 503.2 0.5 
Steeleand Denison‘ .... 200-400 9 504.8 0.7 


Final mean, 504.4 0.5 


As there is no indication that the transference number changes 
appreciably with the temperature or concentration, we adopt as 
the most probable value the mean result from these three series of 
experiments (504.4). We have then multiplied this by Kohl- 
rausch’s conductivity values for potassium choride at the three 


1 Sitzsungsber kinigl. preuss. Akad. der Wiss., (1900), p. 1002; (1901), Pp. Io3I. 
2 Zischr. phys. Chem., 27, 50 (1898). 

3 Jbid., 37, 684 (1901). 

* Ibid., 40, 753; Trans. Chem. Soc., 81, 468 (1902). 

5 Bein attributes to two of his experiments a weight of 1/4 each. 
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temperatures. The values‘ so obtained for the chorine ion are: 
Cl’: 54.5 at 10°, 68.5 at 20°, 83.3 at 30°. 

By combining these values with the final means of our trans- 
ference experiments with the 1/60 molar hydrochloric acid solu- 
tion, the following values of the equivalent conductivity, in recip- 
rocal ohms, of completely dissociated hydrochloric acid are ob- 
tained: 

H’+ Cl’: 343.6 at 10°, 409.1 at 20°, 469.7 at 30°. 

The accidental errors in these results can be equalized, and a 
further indication of their magnitude obtained, by calculating 
from each of the three values the other two by means of the 
temperature-coefficient of the conductivity of dilute hydrochloric 
acid. It has already been shown in Section IX that Deguisne’s 
value of this coefficient is in close agreement with our own, and 
that the coefficient does not change appreciably with the dilution. 
Employing his value,’ the following results are obtained, the one 
which forms the basis of the calculation being printed in italics. 


10”, 20°, 30°, 
343.6 409.0 473-0 
343-7 409.1 473.2 
341.2 406.1 469.7 


We assign to the results based upon the 10° and 20° values 
twice as much weight as to that based upon the 30° value because 
of their agreement and its divergence, and especially because the 
transference numbers of potassium chloride were determined be- 
tween 10° and 20°, and its molar conductivity at infinite dilution 
was accurately deduced for 18°, the values of these quantities at 
30° being based upon the assumption of a temperature-coefficient 
of zero for the transference-number and upon one for the con- 


1 The transference numbers of sodium chloride furnish an independent means of 
deriving these conductivities ; but these numbers vary with the temperature, and the de- 
terminations of them are less numerous. The only ones that are of significance to us are 
those of Bein around 10°, from which is derived a value at 10°, of 614.9(A.D. 2.0; 7 experi- 
ments) and those of Jahn and Bogdan at 18.5° from which is derived with the help of 
Bein’s temperature-coefficient a value at 20° of 603.3 (A.D. 0.3; 12 experiments). By 
multiplying Bein’s result by Kohlrausch’s value of the conductivity at infinite dilution of 
sodium chloride (89.87) we get 55.3 at 10° for the chlorine ion; but, owing to the large 
A.D. of the former value, very little weight is to be attached to this result in comparison 
to that attached to the one from the ‘potassium chloride experiments. From Jahn and 
Bogdan’s transference value we get 68.7 at 20° for the chlorine ion in close agreement 
with that derived through potassium chloride. 

2 L, = Ins [1 + 0.0164 (¢— 18) —o.000015 (¢ — 18)2]. 
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ductivity derived from values less carefully determined 
than those at 18°. Taking the means under this assign- 
ment of weights, and interpolating with the help of De- 
guisne’s temperature-coefficient for 18° and 25°, we get the fol- 
lowing final values for the equivalent conductivity in reciprocal 
ohms of completely dissociated hydrochloric acid and of the 
hydrogen ion: 


10°. 18°, 20°, 25%. 30°. 
He + Cl’...ee- 343.2 395-5 408.5 440.7 472.4 
Pit ihccenisttoas _ 288.7 329.8 340.0 364.9 389.1 


XI. PROBABLE ACCURACY OF THE FINAL CONDUCTIVITY VALUES. 


Aside from the uncertainty in the assumption that the transfer- 
ence-number of hydrochloric acid has the same value at extreme 
dilution as at one of 60 liters, a fair estimate can be formed of the 
probable accuracy of these final results through a consideration of 
the data upon which they are based. It will be recalled that the 
three factors involved are the molar conductivity and the transfer- 
ence-number of completely dissociated potassium chloride and the 
transference-number of 1/60 molar hydrochloric acid: (1) In re- 
gard to the first of these, Kohlrausch shows that the formula 
which he employs for expressing the change of conductivity with 
the dilution gives interpolated values between 0.1 and 0.0001 
molar agreeing with the observed ones within 0.1 per cent. We 
may therefore estimate that the value extrapolated for zero con- 
centration is probably in error by only a little greater amount, say 
by 0.2 per cent.; (2) The average deviation of the mean value of 
the transference-number for potassium chloride from the three 
series of independent determinations was seen above to be 0.1 per 
cent. : and as this transference-number shows no variation between 
1/12 and 1/400 normal, there is probably no error in the assump- 
tion that it has the same value at infinite dilution; (3) The aver- 
age deviation of the final means of the hydrochloric acid 
transference number was about 0.1 per cent. From this estimate 
and these deviations, we find the average deviation or probable 
error of the final values of the conductivity of H* + Cl’ and H’ 
to be 0.25 per cent. Assuming that the actual error in each of the 
three factors was twice its percentage average deviation, and that 
the effect of these errors all lay in the same direction, the error in 
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the final result would be 0.8 per cent. This may be regarded as a 
limit which it is almost certain is not exceeded by the effect of the 
errors arising from all sources except the assumption that the 
hydrochloric acid transference value does not change with the 
dilution after 60 liters are reached. It is not probable that any 
considerable error arises through this assumption; but there is a 
possibility that the final conductivity values are I to 2 per cent. too 
high as a result of it (see Section VIII). ‘Ihe uncertainty can be 
removed only by transference-determinations at a greater dilution, 
which will be undertaken in this laboratory as soon as the oppor- 
tunity offers. 


XII. COMPARISON WITH PREVIOUSLY ADOPTED VALUES. 


It is of interest to compare our final values with those that have 
been previously employed. Ostwald? estimated ten years ago 
upon the basis of the then existing conductivity values that the 
equivalent conductivity at 25° of the hydrogen ion was 345 when 
expressed in reciprocal ohms; and it is this value that has been 
used in almost all the calculations of the dissociation and the 
dissociation-constants of acids. The value to which this investi- 
gation has led is, however, 365, which is 5.8 per cent. higher than 
that commonly employed. 

Kchlrausch? has very recently adopted 318 as the most probable 
value at 18°. Our value is 330, which is greater by 3.8 per cent. 

In spite of the fact that a small degree of uncertainty attaches to 
our results for the reason stated in the preceding section, we 
believe that they rest upon a more satisfactory foundation than 
do the ol-er ones, wnich were based upon an almost unguided 
extrapolation from the conductivity-values of acids. 


BOSTON, MASss., July, 1902. 


~ 1 “Tehrbuch der allgemeinen Chemie,’’ Vol. II, part 1, p. 675. 
2 Sitzungsber. der kinigl. preuss. Akad. der. Wiss., (1902), p. 1031. 








pT. L 


— oe A Oe ltl le UUme vO oe ee ea 


lan) 
Cc», 








[CONTRIBUTION FROM THE CHEMICAL LABORATORY, UNIVERSITY OF 
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SOME PRELIMINARY EXPERIMENTS UPON THE CLINK- 
ERING OF PORTLAND CEMENT. 


By E. D. CAMPBELL. 
Received July 1, 1902. 


As THE work which was begun in this laboratory about three 
years ago on the constitution of hydraulic cements progressed, it 
became more and more evident that if real progress was to be made 
in our knowledge of cements, the various factors entering into the 
problem must be considered separately. The experiments de- 
scribed in the present paper were performed by Messrs. C. A. 
Burck, A. G. Smith and W. B. Cady, and I wish here to acknowl- 
edge my indebtedness to them for the-care with which they have 
carried on the work. The object of these preliminary experiments 
was to furnish a basis on which a complete series of experiments 
could be based which should show the exact relation between the 
chemical composition of a slurry and the temperature required for 
burning. When the exact influence of each constituent upon the 
property of a clinker produced at a given temperature has been 
determined, we may then begin to study systematically the in- 
fluence of variations in mechanical treatment, subsequent to the 
formation of the clinker, on the properties of the finished cement. 

The influence of the many factors such as fineness of grinding, 
ageing, per cent. of gypsum used, and the method of mixing and 
working, which come into play after theclinkering is completed, has 
been studied by others much more carefully than has the influence 
of each factor which determines the constitution of the clinker. 
Of these latter factors those which must be considered are: silica 
free or combined, alumina, ferric oxide, calcium oxide, magnesium 
oxide, the fineness of division and physical state of the raw 
material, the temperature, the atmosphere within the furnace 
whether oxidizing or reducing, and the time during which the 
material is under treatment. So far as we are aware the only 
experimental work which has been done to determine the relation 
of the chemical composition of the material under treatment and 
the temperature employed in burning, is that of A. Meyer, 
Thonindustrie Zeitung, 73, 1201, abstracted by S. B. Newberry in 








970 E. D. CAMPBELL. 


Cement, 2, 350. Meyer’s results, which were obtained by most 
careful and painstaking experiments, illustrate better the condi- 
tions found in fixed kilns than in the rotary furnaces so generally 
used in this country. Meyer made three mixtures and burned 
each mixture nominally at four different temperatures. The ma- 
terial for each burning was placed in a stationary furnace and 
raised by means of a gas burner to a specified temperature which 
was indicated by means of a Seger cone. No statement is made 
as to the length of time during which the material was heated or 
whether any means were employed to show variations, especially 
lowering of the temperature below the maximum indicated by the 
cones during the burning. In heating a considerable mass of 
material in a stationary furnace it would be extremely difficult if 
not impossible to have all the material obtain the same temperature 
for the same length of time. Possibly Meyer’s results would 
represent those obtained from clinker, part of which had not 
attained the temperature indicated. It was on account of this 
difficulty, amounting almost to impossibility of heating a mixture 
in a stationary furnace uniformly and for the same length of time, 
that the fixed form of furnace was abandoned in this laboratory 
and a rotary kiln devised. A detailed description of the rotary 
kiln employed in the work described in this paper, will be found ia 
this Journal, 24, 248. 

In the experiments herein described we have tried to pay close 
attention to all the factors which might enter into the formation of 
the clinker. All raw material was carefully dried and ground 
fine enough to pass a 100-mesh sieve, the thoroughly dried finely 
ground material was analyzed, and from materials thus prepared 
the various mixtures used in the different experiments were made 
and the composition of the resulting clinker calculated. The 
composition of the dried materials used is given in the following 
table: 


Loss on 

SiOs. Al,O3. FeeO3. cao. Mgo. ignition. 
Art. clay ....+.... 67.95 15.76 5.64 1.19 2.02 5.22 
Pen. clay......--. 64.90 18.06 3.47 2.34 1.34 9.06 
Syn. clay.--.--..- 55-32 TEGO: 21:63 2.43 1.82 6.72 
No. 3 shale....... 53.05 26.59 5.87 1.84 I.51 9.87 
RAOUA 6.5000 0<:<'0'e 47:3 36.66 1.85 0.40 0.25 12.50 


L. W. marl....... 1.21 0.25 0.25 52.89 0.89 44.58 
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The slurries for burning were all prepared in as nearly the same 
way as possible, following the method given in the description of 
the rotary kiln referred to above. The marl required for 100 
grams of clay or shale was calculated in each case and sufficient of 
each taken to make from 4 to 5 kilograms of dried slurry. The 
clay or shale was disintegrated with an amount of water equal to 
that of the dry materials and the marl then stirred in. This slurry 
was then evaporated with frequent stirring to the proper con- 
sistency for rolling out and cutting into cubes for drying. 

In order to control the temperature the pressure in the gasoline 
tank was maintained steadily throughout the work between 48 and 
50 pounds. When the pyrometer indicated that the furnace was 
at the lowest temperature at which it was desired to begin to 
collect clinker, feeding was begun. A number of experiments 
having shown that with 50 pounds’ pressure in the gasoline tank 
the maximum temperature was about 35° C. higher than that re- 
corded by the stationary couple used in controlling the tempera- 
ture, the temperatures given in the following tables are all those 
of this hottest zone, that is, 35° C. higher than was actually 
measured by the stationary couple. The thermocouple used in this 
work was calibrated by direct comparison with a similar couple 
whose electromotive force was certified by the physikalische- 
technische Reichsanstalt. From time to time the couple was 
tested for constancy of electromotive force. The electromotive 
force of the couple did not change until after Experiment 98, when 
a temperature of 1618° C. actual having been attained, the wires 
became somewhat roughened and the electromotive force lowered 
but remained constant during the next three experiments. When 
it became necessary after Experiment 101 to replace the porcelain 
insulating tubing, an entire new couple was made with an electro- 
motive force practically equal to that of the original couple. 

When the rotary is making a single revolution in about one 
minute and twenty-five seconds and has a pitch of 6 per cent., 
the first pieces of clinker usually come through the furnace in 
from twenty-five to thirty minutes. This is not, however, the 
real time of passage, for these first pieces have nothing to impede 
their progress and pass through the furnace more quickly than 
when the furnace is fully charged. The real time of passage was 











972 E. D. CAMPBELL. 


determined by making a very basic slurry with pure kaolin an~ 
introducing single pieces of this slurry at intervals of about fifteen 
minutes during the burning of one of the slurries containing con- 
siderable ferric oxide. The clinker resulting from the kaolin 
being different in color from the rest was readily recognized and 
the average time of passage of these pieces was found to be about 
one hour and fifteen minutes. When the speed of the rotary was 
reduced so that a single revolution required two minutes and 
forty-five seconds, the time of passage was increased to an average 
of two hours and nineteen minutes. In the following experiments 
those which were made with the higher speed and shorter time 
of passage are marked only with a number, while those made with 
the slower speed and longer time of passage are indicated by a 
letter, A, following the number; thus Experiment 94A was made 
with the.same slurry, etc., as Experiment 94, but with longer time 
of burning. 

When from 80 to 100 grams of clinker had been collected 
at a given temperature, kept constant within 5° or less, the 
temperature was raised from 22° to 30° C. and kept constant for 
ten minutes before commencing to collect another sample. In this 
way a series of samples was collected at gradually increasing 
temperatures until the “overburning”’ temperature was attained. 
By the term “overburning temperature” is here meant that 
temperature at which the individual pieces of clinker begin to 
stick together or ball-up. This is the highest temperature at 
which samples can be collected. Experiment 98 was the only one 
of this series in which this overburning temperature was not 
reached. The progressive changes of appearance of the clinkers 
with increase of temperature are quite marked even for the com- 
paratively small intervals of temperature. All the pieces produced 
at the same temperature are practically identical in appearance but 
in most cases the successive samples are readily distinguished 
from each other. With increasing temperature the material 
passes gradually from white or nearly white to deep brown or 
nearly black in color with marked contraction in volume as the 
sintering becomes more and more complete until the clinker pro- 
duced at the highest temperature has a more or less glazed appear- 
ance as distinguished from the dull color of the preceding sample. 
It was noticed during some of the experiments that if the per 
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cent. of carbon monoxide in the escaping gases was allowed to 
exceed 0.3 per cent., the clinker assumed a yellowish brown color 
instead of the familiar deep brown or black of properly burned 
clinker, and the cement produced from it was off color instead of 
the normal color of good cement. The extent to which the 
chemical composition of the clinker is altered by carbon monoxide 
has not been thoroughly investigated as yet but we hope to do 
some more work on this question at a later date. 

It was thought that a measure of the volume occupied by 1 gram 
, of the clinker would be a much better indication of the shrinkage 
due to the sintering of the material than a determination of the 
specific gravity of the powdered material ; this “volume per gram” 
of the clinker was measured in the following way and is given in 
the table under the various experiments. About ten grams of 
unbroken pieces of clinker were placed in a small flask containing 
sufficient glycerine to cover the pieces and the flask was then 
attached to an aspirator and exhausted until the pores of the 
clinker were filled with glycerine. A burette was filled with 
glycerine to within 10 cc. of the zero point. The pieces of clinker 
were then removed from the flask and wiped lightly on the outside 
with a cloth saturated with glycerine, and these pieces of clinker 
’ with the pores filled with glycerine were then dropped into the 
burette and the volume of glycerine displaced read off and calcu- 
lated to the “volume per gram” of the clinker. As soon as the 
volume displaced by the first sample has been determined, enough 
glycerine may be drawn off to again bring the level of the glycer- 
ine to the starting-point and the volume of the second sample de- 
termined without removing the first and so on until the burette is 
full. This method of determining the volume per gram, and 
hence the shrinkage, gives rapid and much more satisfactory re- 
sults than are obtained by determining the specific gravity of the 
powder. 

All samples of clinker after collecting were kept in tightly stop- 
pered bottles until ready for grinding and making pat tests which 
was usually done within two or three days from the time of burn- 
ing. A portion of the crushed clinker was mixed in most cases 
with 2 per cent. of plaster of Paris, although in a few instances 3 
per cent. had to be used. ‘The amount employed is given under 
each experiment. After mixing with the plaster of Paris the 
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clinker was ground until all of it would pass a 100-mesh sieve. 
The per cent. of water required for normal consistency was deter- 
mined by adding water to a weighed amount of the cement with 
thorough mixing until a ball of the material about one-half inch in 
diameter when dropped from a distance of about 12 inches would 
flatten slightly but would not crack. The time of setting was de- 
termined upon pats made with the required amounts of water 
using needles of */,, and */., inch in diameter weighted with */, 
and 1 pound respectively for initial and final sets. The time of 
the initial and final set was taken as that when the above needles 
just failed to make an impression on the pat. Unless care is used 
to have the glass on which pats are made strictly clean a pat will 
often come loose which would otherwise adhere and give a perfect 
boiling test. The boiling test was made on pats which had stood 
twenty-four hours in a damp atmosphere. They were placed in a 
frame supported in a continuous water-bath; the bath was then 
lighted and the water brought to the boiling-point and kept boiling 
for twenty-four hours when the pats were removed and, after 
cooling, examined. The details of the influence of temperature 
upon shrinkage, amount of water required,time of setting and boil- 
ing tests upon various mixtures are given in'the following tables 
under the various experiment numbers. The proportion of clay 
or shale, and marl used in each mixture and the molecular formula 
of the clinker reduced to a basis of 100 molecules of silica in each 


case is also given. 


TABLE I.—EXPERIMENT I03. 


Grams 
Art. Clay .20+ cece cece cece cece ceeeee ence cece 100 
DT POM GN oc valacr ca pedinsnd heceueee seus'es 275 


Composition of clinker: SiO,, 28.83; Al,0;, 6.65; Fe,O;, 2.15; CaO, 
59.61 ; MgO, 1.80. 
Molecular formula: 100( 1.868 CaO, 0.091 MgO, SiO,) + 13.4(2 CaO.Al,Os) 


+ 2.8(2 CaO.Fe,O; ). 
Eight samples of clinker collected and ground with 3 per cent. plaster of 


Paris. 
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coe g 
ee a ae 
2 86 y = 36 4 
g 3° 2 & #85 es Boiling test. 
I 1395 0.78 27 14 310 Badly warped, one crack, weak. 
. 4 1419 0.76 27 II 276 Badly warped, large cracks, weak. 

3 1443 0.74 25 10 208 Slightly warped, no cracks, strong. 
4 1467 0.64 24 9 14 Perfect. 
5 1493 0.60 24 5 12 Perfect. 
6 1515 0.55 24 10 25 Perfect. 

: 7 1537 0.46 24 7 35 Perfect. 

8 1549 0.38 24 6 25 Perfect. 

TABLE II.—EXPERIMENT 98. 

. Grams. 

Art. Clay .-ecceccccceccee ccccte cece cecccees 100 

; Ba Wr Wii hieccceevceescevuvlevetat esse veewus 339-3 

“ Composition of clinker : SiO,, 25.48; Al,O;, 5.87; Fe,O3, 2.29; CaO, 63.87; 
MgO, 1.79. 
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‘ f Pari 
. re) a 
h ue OB 
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I 1353 
2 1381 
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3. 1405 
:) 4 1427 
of 5 1456 
6 1475 
7 1498 
S 1521 
9 1545 
10 =: 1567 
II 1589 
12 I61r 
13 1633 








9 22 
O an aVvolume per gram. 
an an 


0.61 
0.60 
0.59 
0.56 


0.55 


0.54 
0.53 
0.55 
0.50 
0.50 


© Per cent. 


o> Ge Water. 
° 


iS) 
wo 0 


iS) 
eo 


27 
27 
25 
25 
25 
25 


25 


— Initial set. 
Minutes. 


— OO 
on 


_ 
8% 


oo 
e & 


gI 
84 
58 


57 
65 


Final set. 


) 
S & Minutes. 


246 
290 


300 
300 
306 


330 
240 
264 
359 
356 


Molecular formula: 100( 2.347 CaO, 0.105 MgO, SiO,) + 13.5(2CaO.A1,0, ) + 
3.4(2 CaO.Fe,O;). 
Fourteen samples of clinker collected and ground with 2 per cent. plaster 


£8 Boiling test. 
Disintegrated. 


Expanded over edge of glass, easily 
rubbed to sand. 


Not warped, expanded, rather weak. 


Slightly warped, moderately ex- 
panded, rather weak. 


Moderately warped, no cracks, 


strong. 

Moderately warped, no cracks, 
strong. 

Slightly warped, no cracks, very 
strong. 

Loose from glass, free from cracks, 
very strong. 

Perfect. 


Off color due to carbon monoxide. 
Perfect. 
Perfect. 
Perfect. 
Perfect. 








Pen. clay 
L. W. marl 


Composition of clinker : 
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TABLE III.—EXPERIMENT 87. 


60.44 ; MgO, 1.51. 
Molecular formula: 100(1.g0 CaO, 0.079 MgO,SiO,) + 16(2 CaO.A1,0,) + 
2.3(2 CaO.Fe,O;). 
Seven samples of clinker collected and ground with 3 per cent. plaster of 


Paris. 
oa 
P-1 E 

| 2 
eg 
a £8 
& 43 
= 

I 1337 
2 1365 
3 1389 
4 1417 
5 1441 
6 1467 
7 1491 


Water. 


: Volume per gram. 
O Per cent. 


NY Ww Ww 
Nf 


Nd 
on 


NS 
> 


24 
24 


sc anlasaapiviiaitncce etebuah Aaeaunal 271.3 


SiO,, 28.26 ; Al,O;, 7.77; Fe,O;, 1.72; CaO, 


~ Initial set. 


&% Minutes. 


~ 
nen 
no os 


214 


204 
35 


Final set. 
Minutes 


Ww 
nn Ww 
ns 


276 


~ 
co 
ay 


259 


254 
65 


Boiling test. 

No cracks, quite strong. 

Fine cracks, quite weak. 

Disintegrated. 

Very badly warped, cracked, easily 
rubbed to sand. 

Warped, deep cracks, but very 
strong. 

Perfect. 

Perfect. 


Nos, 1 and 2 were loose from glass six hours after making. 


Made a set of pats with 2 per cent. of plaster of Paris as follows : 


per- 


ature. 


Maximum tem 


ney 


% “ Sample num 
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1389 
1417 
1441 
1467 
1491 


NAN Ww 


: Volume per gram. 
Water. 
Per cent. 
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No NY N N 
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24 


» Initial set. 
© Minutes. 


> Final set. 


ow 
nO Minutes. 


27 
23 

6 
Io 
II 


Boiling test. 
Fine hair cracks, moderately strong. 
Fine hair cracks, not quite as strong 
as No. I. 
Disintegrated. 
Disintegrated. 
Loose from glass, badly warped. 
Perfect. 
Perfect. 


Nos. I and 2 were loose from glass eight hours after making. 





TABLE IV.—EXPERIMENT 88. 


POTS RIGBY « 0:0'0)0's e010 60.0,9'6.68'ei0 seienisis. asic vee sine 100 


L. W. marl 
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Composition of clinker: SiO,, 26.51; Al,Os, 7.28; Fe,O;, 1.63; CaO, 
62.73 ; MgO, 1.56. 

Molecular formula : 100( 2.137 CaO, 0.088 MgO,SiO,) + 16.1(2 CaO.A1,03) 
+ 2.3(2 CaO.Fe,O;). 

Nine samples of clinker collected and ground with 2 per cent. of plaster of 
Paris. 


as *3 

5 8 2 o ¥ ‘ 3 

2 ag z us =3 2% 

= =—3 5 vo 3s =c 

| ag 3 ah 28 ERI 

B a > BA ce ne Boiling test. 

I 1343 0.83 34 9 13 Somewhat warped, fine cracks, 
rather weak. 

2 1363 0.77 30 Io 12 Disintegrated. 

g 1407 0.66 26 8 15 Disintegrated. 

4 1431 0.61 25 60 100 Badly warped, easily rubbed to 
sand. 


Badly warped, fine cracks, moder- 
ately strong. 

229 Loose from glass, slightly warped, 

no cracks, very strong. 
a 1507 0.41 24 100 240 Loose from glass, not warped, no 
cracks, very strong. 

1533 0.41 23 102 312 Perfect. 
1553 0.39 23 137 250 Perfect. 

Nos. 1 and 2 were loose from glass six hours after making. 
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5 1453 0.51 


6 1463 044 24 


Oo 
B= 


Oo © 


TABLE V.—EXPERIMENT 97. 


Grams. 
Syn. Claysssseecccccccccecccccscceecececees 100 
Ey, We ME liaccacnccsousees maeeecens agoened 298.7 


Composition of clinker: SiO,, 22.76; Al,O,, 4.80; Fe,O,, 8.61 ; CaO, 
61.97 ; MgO, 1.73. 

Molecular formula: 100( 2.393 CaO, 0.113 MgO, SiO,) + 12.4(2 CaO.Al,0,) 
+ 13.7(2 CaO.Fe,O,). 

Twelve samples of clinker collected and ground with 2 per cent. of plaster 
of Paris. 


y 8 : 

¢ & : 

= = a “a . re: 

‘ v ‘ a a 

g 6a S Sb 28 ss an 

a > Ba, ss zs Boiling test. 

I 1285 0.93 56 4 63 Slightly warped away from glass, 
fine cracks, weak. 

2 1309 0.92 45 5 66 Slightly warped away from glass, 


quite strong. 
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ae | g 
3s E 
aaa | 
a ; oc. me) 
i ae as es 
e a3 E ug SS gs 
| a3 3 By #5 a= 
BR = > Ba aS ne Boiling test. 
4 -3335 0.75 35 4 g Slightly warped away from glass, 
cracked, very weak, 
4 1ak0 0.75 30 5 10 Badly disintegrated. 
5 1383 0.70 30 34 122 Very badly disintegrated. 
6 1407 0.68 28 56 440 Somewhat warped, badly scaled, 
i weak. 
7 “SASt 0.60 25 40 436 Moderately warped, numerous 


cracks, strong. 
8 1455 0.52 24 120 434 Perfect. 
9 1479 0.50 23 32 375 Perfect. 

Io 1505 0.47 21 105 315 Perfect. 

II 1526 0.41 21 95 345 Perfect. 

I2 1549 -0.38 21 81 341 Perfect. 


TABLE VI.—EXPERIMENT I02A. 


Grams. 
No. 3 Shale.......e0e seccccccecscccccccece 100 
Ge RE Ain hg a eicisiee 66) Sis eas, waeieiswanae 124.7 
IMO S 0:2 »:<51s sins vince e'e'p.ein v'esi0.e0ineee oesinive 82.8, added in 


the form of pure magnesium carbonate. 

Composition of clinker: SiO,, 22.53 ; Al,O,, 11.11; Fe,O;, 2.55; CaO, 
28.00 ; MgO, 35.28. 

Molecular formula: 100(CaO, 2MgO,SiO,) + 29(CaO.MgO.Al,0,) + 
4.2(CaO.MgO.Fe,0;). 

Six samples of clinker collected and ground with 3 per cent. of plaster of 
Paris. 


Seg? i 

F- E bo 

| 2 4 

z= § a , ae K 

2 ag y uk 23 ae 

a <8 E oo S35 g8 

g 83 6 85 #8 4s 

a = > Ba ae ne Boiling test. 

I 1321 0.86 40 20 55 Loose, free from cracks, moderately 
strong. 

2 1347 0.84 39 26 Loose, free from cracks, weak. 

3 1373 0.82 33 22 Loose, free from cracks, rather 
weak, 

4 1395 0.80 34 33 -» Loose, free from cracks, rather 
weak. 

5 1423 0.68 a. 1392 -» Loose, free from cracks, rather 
weak. 

6 1445 0.44 29 120 -+ Loose, free from cracks, rather 


weak. 
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Nos. 2, 3, 4, 5, and 6 were not set after nine hours; No. 2 was set after 
eighteen hours ; Nos. 3, 4, and 6 set after twenty-two hours; No. 5 was not 
set after twenty-four hours. 

This cement even after long setting appeared to crumble more or less under 
the fine needle, instead of becoming firm as with most hydraulic cements. 

TABLE VII.—EXPERIMENT 92. 
Grams. 
No. 3 Shale «0... see. coos ceccee ceccce cece cee Ioo 
Dc, Wee MRED ook docs wees Keexeuns casceeas ven 250.1 

Composition of clinker: SiO,, 24.51; Al,O,, 11.90 { Fe,O,, 2.84; CaO, 
58.63 ; MgO, 1.64. 

Molecular formula: 100(1.905 CaO, 0.10 MgO,SiO,» + 28.5(2CaO.A1,0,) 
+ 4.3(2CaO.Fe,O;). 

Six samples of clinker collected and ground with 3 per cent. plaster of 
Paris. 


“a : 

g og fs 

| 2 . 

= | z y + KF 

at ee ee 

a Sa ° oS 5 Batis Boho eee 

B = > Ba Ra ne Boiling test. 

I 1336 0.84 40 15 25 Rather weak. 

2 1361 0.835 35 20 105 Loose from glass, rather weak. 

3 1391 0.75 30 57 107 Loose from glass, badly warped, 
cracked, very weak. 

4 1415 0.55 24 100 145 Very badly warped, cracked, easily 
rubbed to sand. 

5 1427 0.41 24 118 148 Very badly warped, cracked, rather 
weak. 

6 1438 0.39 25 28 6 Loose from glass, free from cracks, 
strong. 


No. 1 was loose from glass three hours after making. 


TABLE VIII.—EXPERIMENT 92A. 
Composition identical with Experiment 92, the only difference being in- 
creased time of passage of material through the furnace. 
Four samples of clinker were collected and ground with 3 per cent. of 
plaster of Paris. 


g 2 

Yu os 

Ee E a ° ae 

2 é¢ z sé Sg 8g 

os 88 6UdlCUdCOS OE 

a & 5S Ba 8 em Boiling test. 

M! 1359 =: 0.69 30 50 225 Very badly warped, cracked, rather 
easily rubbed to sand. 

2 1383 0.65 27 145 220 Very badly warped, cracked, easily 
rubbed to sand. 

3 1407 0.44 25 145 165 Very badly warped, cracked, rather 
weak, 

4 1431 0.40 24 155 205 Loose from glass, free from cracks, 


strong. 
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TABLE IX.—EXPERIMENT 95A. 


Grams. 
No. 3 Shale «1... cece cece cccceecccecececees Ioo 
TN AMG 5 o's s cade ctincee cass soesce weer ¥s 250.1 
MgO. .cccescccseccccccccccssccce cece cccscs 18.45, added as 


pure magnesium carbonate. 

Composition of clinker: SiO,, 22.77; Al,O;, 11.05; Fe,O;, 2.64; CaO, 
54.47; MgO, 9.01. 

Molecular formula: 100(1.907 CaO, 0.589 MgO,SiO,) + 28.5(2CaO.Al,0;) 
+ 4.3(2CaO.Fe,O;). 

Six samples of clinker collected and ground with 3 per cent. of plaster of 


Paris. 
eS 

g F 

£ 

= 8 
2 &§ = 
I as 
s. = 

I 1335 
2 1359 
3 1383 
4 1405 
5) (5437 
6 1455 


E 
3 
OC 
ou : 
o : Bice ics 
¥ - 8 62o 6&8 
5 g % SS a3 
3 Sh mE a5 
> Ba, ce he Boiling test. 
0.89 38 6 19 Cracked, rather weak: 
0.72 34 12 230 Very badly warped, cracked, very 
weak. 
0.69 32 38 292 Very badly warped, easily rubbed 
to sand. 
0.52 30 148 313 Very badly warped, very easily 


rubbed to sand. 
0.47 25 45 195 Free from cracks, slightly warped, 
quite weak. 
0.39 25 6 1o Firmly adherent to glass, but rather 
weak. 


No. 1 was loose from glass before submitting to boiling test. 


TABLE X.—EXPERIMENT 93. 


Grams. 
No. 3 Shale ...- esse seeeeene Rt 4606 0600 sees 100 
ES ne it Oe eet arin oe 275.3 


Composition of clinker: SiO,, 23.19; Al,O3, 11.24 ; Fe,Os, 2.70; CaO, 
60.75 ; MgO, 1.63. 

Molecular formula: 100(2.148 CaO, 0.105 MgO, SiO,) + 28.4(2CaO. Al,O,) 
+ 4.4(2CaO.Fe,O,). 

Eight samples of clinker collected and ground with 3 per cent. of plaster 
of Paris. 
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oe 

4 8 0 

| 2 be 

E z a es | ; 

y Be y a “g 8 6§¢ 

a 33 & sy ce a3 

f 43 5 35 #8 8 

& = s Ba ss Le Boiling test. 

I 1331 0.94 55 Io 13 Not cracked, very weak. 

2 1357 0.93 50 8 21 Not cracked, very weak. 

3 1383 0.87 40 ¥ 8 Loose from glass, no cracks, 
stronger than No. 2. 

4 1407 0.82 35 8 23 Warped, moderately cracked, very 
weak, 

5 1431 0.72 32 18 I92 Disintegrated. 

6 1455 0.58 28 20 192 Disintegrated. 


7 1481 0.51 24 85 205 Loose from glass, free from cracks, 
very strong. 
8 1503 0.41 24 75 205 Perfect. 
Nos. 1 and 2 were loose from glass before submitting to boiling test. 


TABLE XI.—EXPERIMENT IOI. 


Grams. 
No. 3 Shale ...eeccccse cece ccccccssccce ces I0o 
By We ARE biconecies vcaweccaupecesdcccdeecrs 294.4 


Composition of clinker : SiO,, 22.35; Al,O;, 10.79; Fe,O,, 2.60; CaO, 
62.22; MgO, 1.63. 

Molecular formula: 100( 2.328 CaO, 0.109 MgO,SiO,) + 28.3(2CaO.Al,0;) + 
4.4(2CaO. Fe,O,). 

Five samples of clinker collected and ground with 2 per cent. of plaster of 
Paris. 


a E 
o = & 
z & a ty , eee 
2 ao Y ae 2g ag 
a ss a vs 33 6938 
FOSS 3 S56 22 5 wu 
& = > Ba, es nS Boiling test. 
I 1463 0.60 28 105 134 Disintegrated. 
2 1487 0.57 28 80 140 Disintegrated. 
3 I51I 0.55 25 138 156 Perfect. 
4 1535 0.51 24 76 139 Perfect. 
5 1557 0.42 24 135 240 Off color, loose from glass, warped, 
cracked. 


No. 1 was loose from glass before submitting to boiling test. 
TABLE XII.—EXPERIMENT 94. 


No. 3 Shale .....2ccccce ccs cece ccccce cece 100 
be. Wy SRMEE cc occcics wassecavesae omeceswxced 
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Composition of clinker : SiO,, 22.07; Al,O;, 10.64; Fe,O;, 2.57 ; CaO, 
62.64; MgO, 1.59. 
Molecular formula : 100(2.385 CaO, 0.107 MgO,SiO,) + 28.3(2CaO.A1,0;) 


+ 4.4(2CaO.Fe,0;). 
Ten samples of clinker collected and ground with 2 per cent. of plaster of 


Paris. 


. a 
ag . a ¥y dy 
& 3 ‘i gs 52 Ee Es Boiling test. 
I 1359 0.89 60 38 360 Loose from glass, fine cracks, rather 
weak. 
1383 0.87 55 10 65 Loose from glass, fine cracks, rather 
f weak. 
3 1407 0.80 47 5 33 Badly warped, cracked, difficultly 
rubbed to sand. 
4 1431 0.71 40 5 33 Disintegrated. 
5 1455 0.66 30 65 80 Disintegrated. 
6 1478 0.54 25 87 105 Warped from glass, cracked, very 
weak, 
7 501 0.50 24 94 100 Loose from glass, ‘sound, very 
strong. 
8 1525 0.496 23 85 Ior Loose from glass, sound, very 
strong. 


9 1549 0.42 23 105 165 Perfect. 
HO -3592 0,40. -23 140 255 Perfect. 
Nos. 4 and 5 were loose from glass before submitting to boiling test. 


TABLE XIII.—EXPERIMENT 94A. 


Composition identical with Experiment 94, the only difference being due 
to increased time of passage of material through the furnace. 

Nine samples of clinker collected and ground with 2 per cent. of plaster 
of Paris. 


a 
arr 
. g - = ¥« aa 
) uv re D 7] 
os: 4 3a. ot 
5 ae 3 cer a8 a8 
& a > BA om ne Boiling test. 
I 1359 0.78 35 5 8 Very badly cracked, easily rubbed 
to sand. 
2 1383 0.67 34 15 20 Very soft, almost completely disin- 


tegrated. 








Maximum temper- 


© Sample number. 
ature. 


= 
rs 

°o 
ND 


_ 
- 
> 
Ww 
rar 


5 1455 


1478 
I501 
1525 
1545 


wow ont an 


Paris. 


Maximum temper- 
ature. 


“ Sample number. 


al 

w 
fea) 
i 


+ 
& 


I4II 
1437 


> & RN 


1463 
1487 
1509 
1535 
1557 


IO ON AN 








DQ Volume per gram. 


° 


° 
a 
re) 


0.50 


0.49 
0.45 
0.44 
0.40 


“ Volume per gram. 


° 
& 


Q 
S 


0.61 
0.59 


0.52 
0.44 
0.44 
0.44 
0.41 


& Water. 
© per cent. 


NR 
oO 


25 


24 
24 
23 
23 


No. 3 shale 
L. W. marl 


pure magnesium carbonate. 

Composition of clinker : SiO,, 20.59; Al,0;, 9.94; Fe,O;, 2.40 ; CaO, 
58.45; MgO, 8.22. 

Molecular formula: 100(2.387 CaO, 0.594 MgO,SiO,) + 28.3(2CaO.A1,0;) + 
4.4(2CaO.Fe,O;). 

Ten samples of clinker collected and ground with 2 per cent. of plaster of 


per cent, 


& Water. 


Ww 
> 


29 


XN 
oO 


23 


« Initial set. 
’ Minutes. 


fo.) 
oO 


86 


109 
146 
120 
108 


Initial set. 
Minutes. 


& 


EAw 


116 
125 
140 
105 

92 
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oO Final set 
® Minutes. 


oo 
ry 


116 


154 
284 
260 
240 


Final set 
Minutes. 


on 


216 
260 
294 
269 


212 





Boiling test. 

Very soft, almost completely disin- 
tegrated. 

Very badly warped, cracked, easily 
rubbed to sand. 

Warped away from glass, free from 
cracks, very strong. 

Perfect. 

Perfect. 

Perfect. 

Perfect. 


No. 1 was loose from glass before submitting to boiling test. 


TABLE XIV.—EXPERIMENT 96A. 


Grams. 


icGtic Cah eee RN Ra cee ka ewes da 300.8 
Seals Suds cheelasaa selena veetewanuecene 18.45, added as 


Boiling test. 

Very badly broken, almost disinte- 
grated. 

Disintegrated. 

Disintegrated. 

Very badly. warped, large cracks, 
quite weak. 

Warped, fine radical cracks, strong. 

Perfect. 

Perfect. 

Perfect. 

Perfect. 

Perfect. 
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During the collection of sample 7A an excess of gasoline was admitted 
into the furnace, the products of combustion showing carbon dioxide, 9 per 
cent., oxygen, 0.20 per cent., and carbon monoxide, 9.3 per cent. The ce- 
ment produced was yellowish in color instead of the usual color of good ce- 
ment. 


TABLE XV.—EXPERIMENT 99. 


Grams. 
No. 3 Shale ..-.+-secceesccecccccccecc cece » I00 
BN Gi o'v's.0 4 os 4.5.0.0 0'0500 we ecicersbsinteee 318.14 


Composition of clinker: SiO,, 21.34; Al,O,, 10.28; Fe,O3, 2.50; CaO, 
63.83 ; MgO,. 1.62. 

Molecular formula: 100(2.54 CaO, 0.113 MgO, SiO,) + 28.3(2CaO.Al,O,) + 
4.4(2 CaO.Fe,Os;). 

Eight samples of clinker collected and ground with 2 per cent. of plaster 
of Paris. 


eee z 
ee a 6 
aa 
E § & ; + <3 
L Eg P ad 3s $3 
a <3 5 oo BS g38 
| as 3 wh 2s ERS 
B x > Be Rf “zs Boiling test. 
I 1447 0.67 43 3 5 Completely disintegrated. 
2 1473 0.63 37 13 15 Completely disintegrated. 
3 1497 0.55 29 13 14 Completely disintegrated. 
4 1523 0.52 25 100 204 Cracked, expanded, slightly 


warped, very weak. 


5 1545 0.50 25 96 201 Expanded, badly warped, very 
weak. 

6 1587 0.49 24 120 265 Warped, free from cracks, very 
strong. 


7 1593 0.43 24 96 219 Loose from glass, very strong. 
8 1613 O40 °*23 94 304 Loose from glass, very strong. 


TABLE XVI.—EXPERIMENT I00. 


Grams. 
NO. 3 shale .occceccce ccs cece cccccecccccccs 100 
TN ES A oe err ar a re 353-6 


Composition of clinker: SiO,, 20.07; Al,O;, 9.61; Fe,O;, 2.36; CaO, 
66.12; MgO, 1.63. 

Molecular formula: 100(2.881 CaO, 0.121 MgO,SiO,) + 28.1(2CaO.Al,0,) + 
4.4(2CaO. Fe,0, ). 

Eight samples of clinker collected and ground with 2 per cent. of plaster 
of Paris. 
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§ : 
ge é 2 $e Pr; 
£ 3 E g g & 3 Z 7 E 
os CR a} S or Sen oe 
oD = 5S ee Es | Boiling test. 
I 1461 0.60 28 120 198 Completely disintegrated. 
2 1485 0.55 28 128 218 Almost disintegrated. 
3 1509 0.51 25 105 205 Very badly broken. 
4 1529 0.50 25 122 242 Badly warped, much expanded, 
very weak. 
5 1555 0.49 25 129 240 Badly warped, much expanded, 
very weak. 
6 1581 0.46 25 167 247 Badly warped, much expanded, 
very weak. 


7 1599 0.44 25 153 243 Moderately warped, free from 
cracks, very strong. 
8 1625 0.41 24 140 245 Warped, free from cracks, very 
‘ strong. 
No. 1 was loose from glass before submitting to boiling test. 


TABLE XVII.—EXPERIMENT 86. 


Grams. 
TOR oo eb eedede nd ede dudaccesah wears 100 
Eye Wee MASE oct vceccé cecece cece cccedceceesen 387.24 


Composition of clinker: SiO,, 17.27; Al,O3, 12.45; Fe,O3, 0.93; CaO, 
67.92; MgO, 1.23. 

Molecular formula: 100( 2.884 CaO, 0.106 MgO,SiO,) + 42.3(3CaO.A1,0,) + 
2(3CaO.Fe,O;). 

The separate samples were not collected in this case, but the 
over-burning temperature was found to be 1571° C. After deter- 
mining the overburning point the temperature was dropped to 
1549° C. and a single large sample collected. This sample ground 
with 1.5 per cent. of plaster of Paris required 30 per cent. of 
water, gave an initial set of five minutes and a final set of nine 
minutes. On submitting the pat to the boiling test, it warped 
loose from glass, cracked, and was easily rubbed to sand. 

The phenomena connected with the time of setting of these 
cements will not be discussed in this paper but will be reserved 
for further study. The amount of plaster of Paris was in all cases 
2 per cent. except where the small-amount of calcium oxide in the 
cement made 3 per cent. necessary in order to retard the setting 
sufficiently to obtain measurements. The contraction of the 
material during burning, as shown in the tables under volume per 
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gram, increases in all cases with increasing temperature up to the 
highest temperature attained. At the overburning temperature 
the volume per gram for all ordinary cements lies within the 
narrow limits of 0.38-0.42 cc. per gram. ; 

We desire to discuss more fully the phenomena connected with 
the clinkering as indicated by the soundness of the cement shown 
by the boiling test. For that purpose we have summarized the 
more important data in Table XVIII, and have included some 
results given by Meyer which we have recalculated to the same 
basis as our own. A comparative study of the soundness 
of the pats after having been subjected to the action of 
boiling water for twenty-four hours shows most clearly the rela- 
tion existing between the chemical composition and temperature of 
burning. In any series the successive pats show differences in 
behavior in boiling water. If the collection be begun below about 
1250° C. the first pats will come loose from the glass soon after 
making but will become quite strong and remain sound and free 
from cracks under the boiling test. As the temperature of burn- 
ing rises, the pats begin to crack more and more, then go to pieces 
and finally nearly or quite completely disintegrate. With further 
increase of burning temperature the extent of disintegration 
diminishes until, if the cement is properly proportioned, the pats 
again become sound and strong, remaining firmly attached to the 
glass. Further increase of temperature does not affect the sound- 
ness of the pat unless carbon monoxide is present in the furnace 
gases. In this case the pat may come loose from the glass but will 
still remain sound and strong. 

For purposes of study, three points have been selected as indi- 
cating important changes in clinker. Such changes in condition 
of clinker may indicate formation of definite chemical compounds 
or changes in the phases of a solid solution. The three points 
selected are: 1, temperature of maximum disintegration by which 
is meant the temperature at which that clinker was produced 
which, when made into pats, showed the greatest disintegration in 
boiling water ; 2, temperature of perfect boiling test, by which is 
meant the lowest temperature at which clinker was produced 
which, when made into pats, remained strong, free from cracks 
and firmly adherent to the glass after exposure to boiling water 
for twenty-four hours; 3, overburning temperature by which is 
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meant the lowest point during the burning at which the individual 
pieces of clinker commenced to stick badly to each other or to the 
inside of the furnace. 

The influence of chemical composition will be discussed with 
reference to these three temperatures. 


TEMPERATURE OF MAXIMUM DISINTEGRATION. 


For a given clay the ratio CaO to SiO, + Al,O, must reach a 
certain magnitude before the pats will completely disintegrate. 
Experiments 103, 102A, and 87 did not completely disintegrate 
for any temperature. Any increase in the calcium oxide over this 
minimum amount for any given clay does not increase the temper- 
ature of maximum disintegration. 

Experiment esmaidacetecd 92 93 94 
Temperature.......+..2+++ I415§° 1431° 1431° 
The temperature of maximum disintegration is lowered by in- 
creasing the time of passage through the furnace. 
Experiment ....... 92 92A 94 94A 
Temperature ....... 7415° . 4389° 1431° —1383° 
When the ratio of CaO to SiO, + Al,O, is enough for com- 
plete disintegration the addition of MgO does not change the 
temperature of maximum disintegration. 
Experiment ....... g2A 954A 94A5 =" 96A 
Temperature ..-.... 1383°  1383° 1383° 1389° 
The substitution of R,O, for SiO, materially raises the temper- 
ature of maximum disintegration. 
Experiment ..... 87 92 88 93 98 94 
Temperature..... 1389° = 1415° 3363" 1437° 1353° 1431° 
For a given clay the amount of water required for normal con- 
sistency increases with increase of CaO provided the time of 
passage through the furnace is kept constant. 


Experiment.......... 92 93 94 g2A 944 
Per cent. water....... 24 32 40 27 34 


TEMPERATURE FOR FIRST PERFECT HOT TEST. 


For a given clay the burning temperature necessary to obtain a 
perfect hot test increases with increase of CaO. 


Experiment. 103 98 87 88 | g2 93 IOI 94 99 
Temperature 1467° 1545° 1467° 1533° | 1438° 1503° I511° 1549° 1593° 
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This temperature is lowered by increase of time of passage 
through the furnace. 
Experiment........ 92 92A 94 94A 
Temperature....... 1438° 1431° 1549° 1478° 
When the ratio of CaO to SiO, + Al,O, is enough to ensure a 
perfect boiling test at some temperature, the addition of MgO does 
not materially raise the temperature necessary to obtain clinker 
giving a perfect boiling test. 
Experiment........ g2A! = 9 5A 94A 96A 
Temperature....... 143t° 1455° 1478° =1487° 
The substitution of R,O, for SiO, lowers the temperature for a 
perfect pat when the ratio of CaO to acidic oxides is low. 
Experiment .........++. 87 92 88 93 
Temperature............ 1467° 1438° 1533° 1503° 
With increasing amount of calcium oxide the temperature for 
perfect hot test is increased and the point is soon reached when a 
perfect hot test cannot be obtained at all. 
Experiment ...........- 98 94 99 100 
Temperature............ 1545° 1549° 1593° none 
The amount of water required for normal consistency varies 
within slight limits but does not rise over 25 per cent. irrespective 
of the clay used and the composition of cement. 


OVERBURNING TEMPERATURE. 
For a given clay the overburning temperature increases with 
increase of CaO. 


Experiment...... 103 98 87 88 
Temperature ..... 1549° above 1653° 1491° 1553° 
Experiment ... 92 93 Io! 94 99 100 


Temperature... 1438° 1503° 1557° 1573° 1613° 1625° 
The overburning temperature is lowered by increasing the time 
of passage through the furnace. 
Experiment.......... 92 g2A 94 94A 
Temperature ......... 1438° 143° 1573° 545° 
MgO may replace CaO molecularly up to an empirical formula, 
2RO.SiO,,2RO.AI,0,,2RO.Fe,O;, without much change in over- 
burning temperature. 


Experiment........ 102A 92A 
Temperature......- 1445° 1431° 
his pat was free from cracks but rather weak. 











CLINKERING OF PORTLAND CEMENT. 991 


When the CaO is at least 2CaO.SiO,,2CaO.Al,O0,,2CaO.Fe,O,, 
the addition of magnesium oxide raises the overburning tempera- 
ture only slightly, not nearly so much as an equivalent amount of 
calcium oxide. 

Experiment 92A, 1431°; Experiment 95A, 1455°. These have 
same ratio CaO to acidic oxides, but 95A has increased MgO. 

Experiment 95A, 1455°; Experiment 94A, 1545°. ‘These have 
same ratio RO to acidic oxides, but in 94A the RO is nearly all 
CaO. 

Experiment 94A, 1545°; Experiment 96A, 1557°. These have 
same ratio CaO to acidic oxides but 96A has increased MgO. 

Experiment 102A, 1445°; Experiment 96A, 1537°; Experi- 
ment 100, 1625°. These have same ratio RO to acidic oxides but 
102A overburns at almost same temperature as 92A, 96A at 
almost same temperature as 94A which has same ratio CaO to 
acidic oxides, while 100 which has almost all CaO has highest 
overburning temperature of any. 

The substitution of R,O, for SiO,, molecule for molecule, ma- 
terially lowers the overburning temperature. 

Experiment -. 87 92 88 93 98 94 
Temperature.. 1491° 1438° 1553° 1503° above 1653° 1573° 

The water required for normal consistency with overburned 
cements is only slightly less than that required for cements burned 
to give perfect boiling test: 


SUM MARY. 


Viewed from the standpoint of the influence of chemical compo- 
sition upon the changes in temperature necessary to produce a 
sound cement and the temperature at which the clinker will give 
trouble by sticking in the rotary, we find that: 

The minimum temperature necessary to produce Portland 
cement which will give a perfect pat test from fresh clinker is 
about 1450° C. This temperature is for a minimum amount of 
calcium oxide. It increases with increase of calcium oxide until 
in ordinary commercial cements it reaches 1550°. With the most 
heavily limed commercial cements this figure would be somewhat 
higher. It depends somewhat on the length of time required to 
pass through the rotary, slow driving tending to lower the temper- 
ature. The substitution of Al,O,, or Fe,O, for SiO,, that is, the 
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use of a richer clay, lowers the overburning temperature but may 
lower or raise the temperature required for perfect boiling test. 
With mixtures low in calcium oxide, the burning temperature for 
perfect boiling test is lowered by this substitution, but with mix- 
tures high in calcium oxide the burning temperature required for 
perfect boiling test is raised and may become coincident with the 
overburning temperature. Any attempt to raise the overburning 
temperature by increasing the proportion of lime will fail to give a 
perfect hot test even at the overburning temperature, as illustrated 
in Experiment 100. ‘This is a confirmation of what manufactur- 
ing experience has shown—that with lean clays heavily limed 
there is a wide margin between the proper clinkering temperature 
and the overburning temperature, while with rich clays in order 
to prevent the clinker from balling-up, great care must be exer- 
cised to maintain the proper clinkering temperature. With the 
amount of calcium oxide found in ordinary cement the intro- 
duction of 8 or g per cent. of magnesium oxide has but little 
influence on the temperature for perfect boiling test or overburn- 
ing temperaturé. So far as the clinkering is concerned, magnesia, 
as has been maintained by Newberry, acts as an inert substance. 

While the conclusions above set forth seem to’ be fully war- 
ranted by our experiments, we realize that a much greater amount 
of experimental research must be performed, before the exact 
influence of each factor influencing the clinkering of cement can be 
determined with certainty. In the light of the knowledge gained 
by the present set of experiments, we are planning a much more 
complete series upon which we hope to report at some future date. 
In this new series we intend to include more cements whose 
basicity shall be equal to or greater than that found in the com- 
mercial cements. We have excluded from the present paper any 
discussion of phenomena connected with the setting of cement 
and its subsequent behavior aside from the amount of water 
required for normal consistency and the behavior under the boiling 
test. We have been studying this subject also for the past three 
years and hope later to present some results. 


ANN ARBOR, MICHIGAN, 
June, 1902. 














ON THE QUANTITATIVE SEPARATION OF MALTOSE AND 
LACTOSE. 


By CHARLES I, BOYDEN. 


. 
Received June 30, 1902. 


THE writer, in the course of a study on the composition of 
sundry infant and invalid foods now on the market, undertaken to 
fulfil a thesis requirement for graduation from the agricultural 
department of the University of Vermont, found it necessary 
quantitatively to separate maltose and lactose. He was unable to 
find, either in the literature or through correspondence with sev- 
eral chemists well informed in food analysis, any satisfactory 
method to this end. Such a separation may be accomplished, how- 
ever, by the use of a certain variety of yeast, Saccharomyces 
anomolus, which removes maltose completely without acting on 
the lactose. 

It is well understood that the two bisaccharides, maltose and 
lactose, need to be hydrolyzed before they may be fermented, and 
that the former yields two molecules of glucose and the latter, one 
of glucose and one of galactose as a result of hydrolysis. Glucose 
is then easily fermented. Yeasts usually contain hydrolytic 
enzymes, which are capable of changing maltose to a greater or 
less extent, but which are inactive with lactose. 

In the course of the work carried out by the writer nine differ- 
ent species of yeasts were used. Eight of the yeasts were obtained 
from Kral, and one was a pure culture from ordinary Fleisch- 
mann’s bread yeast. The yeasts from Kral’s laboratory were: 
Saccharomyces anomolus Hansen, S. cerevisiae I Hansen, S. cere- 
visiae Carlsberg unterhefe I Hansen, S. ellipsoideus I Hansen, 
S. farinosus Lindner, S. Kephir Beijerinck, S. Marxianus Hansen, 
S. Pastorianus I Hansen. Pure cultures of each were grown in 
agar, from which they were transferred to Pasteur’s fluid (Strass- 
burger and Hillhouse’s formula). Samples of commercial 
maltose (66.36 per cent. maltose, remainder mostly dextrin) and 
lactose of known composition were used separately, as’ well as in 
mixtures of definite strengths. 

From 25 to 100 cc. of a solution of these sugars, usually 0.50 
per cent. strong and containing 1 per cent. of Pasteur’s mixture 
(Strassburger and Hillhouse), were heated at too° C. in a steam 
sterilizer for thirty minutes on three successive days. ‘The ster- 
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ilized fluid was then inoculated with the particular yeast under 
trial and incubated at 30° C. for from two to thirty days; then 
again sterilized at 100° C., cooled, made up to volume, filtered, and 
the sugar present determined by Allihn’s method. *The usual pre- 
cautions to prevent contamination with organisms other than the 
yeast under trial were observed throughout the operation from 
inoculation to filtration. The temperature of 30° C. was chosen, 
inasmuch as bread yeast appeared to act most vigorously at this 
temperature. The percentages of maltose removed and of lactose 
remaining were readily calculated from the copper reduced prior 
to, and that reduced subsequent to, the removal of maltose. 
Obviously, when working with known quantities, the completeness 
or the incompleteness of the removal of the maltose may be 
readily measured in this manner. 

From about 10 per cent. to nearly all of the maltose remained 
unacted upon by eight of the yeasts. One of these yeasts, how- 
ever, after a few preliminary trials completely and uniformly 
hydrolyzed and fermentea the maltose. 

S. anomolus was much the most active yeast used. It produced 
a heavy white growth in tube cultures in a few days. After two 
days’ inoculation at least three-fourths of the maltose had disap- 
peared and the proportion of maltose modified uniformly decreased 
up to sixteen days, after which there was no apparent change. It 
was found necessary to filter through a bacterial filter in order to 
remove the yeast cells and to prevent a precipitation of the floccu- 
lent matter by the Allihn solution, which was equivalent to a 
weight of from 1 to 2 per cent. of copper. The following table 
shows the result of some of the work with this yeast. The figures 
clearly show the relation of filtration, of tne time element and of 
the use of the Pasteur’s mixture to complete success. 


Maltose Pasteur’s Volume Solution. Days CuO from Maltose 
taken. mixture. of inoculated. acted 25 cc. remaining. 
Gram. Grams. solution. ce. on. solution. Per cent. 

I 2 200 50 2 0.0138 7.47) 
I 2 200 50 4 0.0044 2.33! 
I 2 200 50 13 0.0030 1.63" 
I 2 200 50 16 0.0025 T35° 
I 2 200 50 16 0.0C00 none? 
I none 200 50 IT 0.0198 10.68! 
I none 200 50 34 0.0089 4.82? 
I 0.5 200 50 31 0.0040 2.167 
I I 200 50 14 0.0063 3.42? 
I I 200 50 38 0.0000 none? 


1 Not filtered with bacterial filter. 2 Filtered with bacterial filter. 











SEPARATION OF MALTOSE AND LACTOSE. 995 


It may be remarked that when this yeast was grown for from 
four to twenty-four days in a solution of lactose, from 98 to 100.96 
per cent. lactose was recovered, showing that this sugar was un- 
altered by the yeast. It may also be remarked that the fermenta- 
tion method, using S. anomolus, has been tried upon several of the 
proprietary foods upon the market; that through the courtesy of 
the chemist of one of the companies manufacturing this class of 
goods the writer has been allowed to compare analytical results 
with manufacturer’s formulas as regards percentages of maltose 
and lactose; and that a reasonably close agreement has been 
found. 

It is interesting to note that in those solutions in which the other 
yeasts failed—as they always did—completely to transform all 
the maltose, reinoculation with S. anomolus readily hydrolyzed 
and removed the remaining maltose, while in no case did it appear 
in any way to affect their lactose content. 

Vigorous growth is needed to hydrolyze the last traces of mal- 
tose. To produce this vigorous growth it is necessary to add 
some of the mineral elements found in the ash of yeast. Pasteur’s 
mixture (Strassburger and Hillhouse) furnishes the necessary 
elements. 

The method in its present form may be briefly outlined as fol- 
lows: The solution containing maltose and lactose having been 
made approximately 0.5 per cent., and containing 1 per cent. of 
Pasteur’s mixture, 50 cc. are heated for three successive days in a 
steam sterilizer, under the usual precautions, to 100° C. for thirty 
minutes. ‘The fluid thus sterilized is inoculated liberally with a 
pure culture of S. anomolus and incubated at about 30° for from 
two to three weeks, the culture having been grown in agar and 
transferred to Pasteur’s fluid prior to its use. After the incuba- 
tion, the fluid is filtered through a bacterial filter and the copper 
determined in the usual manner by Allihn’s method. The differ- 
ence between the copper thus determined and that present prior to 
inoculation may be calculated as maltose, the remainder as lactose. 

The writer is under obligation to Professor L. R. Jones, botanist 
and Mr. C. H. Jones, chemist of the Vermont Station for helpfu! 


advice and suggestion. 


CHEMICAL LABORATORY, VT. AGR. EXP. STATION, 
UNIV. OF VT., BURLINGTON, VT. 





ON THE ELECTRICAL CONDUCTIVITY OF URINE IN RE- 
LATION TO ITS CHESICAL COPIPOSITION.' 


By J. H. Lone. 


Received July 30, 1902. 

Amonc the newer applications of the methods of modern phys- 
ical chemistry some of the most important are certainly those 
employed in the solution of problems in physiology and physi- 
ological chemistry. At first sight one of the least promising of 
these methods is that of the determination of electrical con- 
ductivity as applied to the fluids of the body, but the labors of 
Roth,? Stewart,’ Bugarszky and Tangl,* and others have shown 
the possibilities of the method in the examination of blood serum. 
In respect to inorganic constituents blood serum is much more 
constant than is urine, and the variations in the conductivity of 
the latter appear at first sight so irregular as to be beyond simple 
formulation. This notion, however, is not quite correct. It has 
been shown by Bugarszky® that certain general relations are easily 
observed, and among others the connection between the total ash 
and the conductivity. 

It must be remembered that the conductivity of the urine is 
practically due to the mineral salts present only. The most 
abundant of all the urinary constituents, the urea, is so near a 
non-conductor in solution that its effect may be safely neglected. 
Even the low value given by Triibsbach® is probably high, as 
shown by some of my own observations with carefully prepared 
urea. The creatinin, ammonia, xanthin bodies, uric acid and 
urates have all but a slight conductivity and their effect in lower- 
ing the conductivity of the mineral salts is extremely small. For 
investigations of this kind it is exceedingly difficult to obtain urea 
pure enough to be used as a standard. Nearly all found in the 
market contains notable quantities of potassium sulphate, some- 
times several per cent., and purification by crystallization from 
alcohol is attended by great loss. Besides this, in using hot solu- 


1 Read by title at the Pittsburg meeting of the American Chemical Society, July 2, 1902. 

2 Centralblatt fiir Physiologie, 11, 271 (1897). 

3 Tbid., 11, 332 (1897). 

4 Jbid., 11, 297 and 301 (1897). 

5 Phliger’s Archiv fiir die gesammte Physiologie, 68, 389 (1897). 

6 Zischr. phys. Chem., 16, 708; also in Kohlrausch und Holborn’s “‘Leitvermégen der 
Elektrolyte,” p. 184. 
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tions in strongest alcohol some of the urea is always converted 
into ethyl urethane, with further loss on crystallization. Unless, 
therefore, the urea is very carefully purified its effect on the con- 
ductivity may appear sensibly positive instead of negative. 

In view of these facts it follows that the conductivity of the 
urine is a function of the total mineral content and the determina- 
tion has a value somewhat analogous to that of the specific 
gravity ; but it is much more definite, however, and as the degree 
of accuracy possible is high the method must certainly prove of 
value in studies of the metabolism of inorganic substances. To 
bring out these points I have undertaken recently a number of 
experiments. In the first of these I have determined the volume, 
specific gravity, electrical conductivity, chlorine and urea in the 
urine of two individuals, collected at regular intervals through 
three days. These results are shown in Tables I and II. The 
specific gravity was found by the Westphal balance, adjusted for 
a temperature of 20°. The figures given are referred to water at 
4°. The accuracy of the readings was controlled by pycnometer 
determinations on several samples. The conductivity was found 
at 20°, always, the temperature being sharply maintained within 
0.1°, by the Kohlrausch method, using a U-tube with a resistance 
capacity, C= 8.415. The resistance measurements were made 
with a large Kohlrausch-Wheatstone bridge, the wire corrections 
being known, and the values of the 100 and 1000 ohm comparison 
resistances, also. The urine resistance, R, measured varied be- 
tween about 250 and 800 ohms, from which the conductivity, K, 
was found by the formula: 

K = R 
For an observed resistance of 500 ohms K is therefore 0.016830. 

The chlorine was found by the usual Volhard-Arnold process, 
the liquid being filtered before titration of the excess of silver by 
the thiocyanate. In the urea titration I used the Liebig process, 
employing the approximate corrections described by me.t The 
corrections actually used were based on previous experiments with 
the urine of the same individuals. In the tables the reduced and 
corrected values only are given, and the chlorine is calculated as 
sodium chloride. For the purposes) view this is admissible, and 

1 This Journal, 23, 632. 
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besides is perfectly correct as far as the urines of Table I are con- 
cerned. For the urines of Table II, individual B, no previous 
determination of the relation of sodium to potassium had been 
made. 

A consideration of the tables discloses several interesting facts. 
In both sets the specific gravities appear low for the amounts of 
urea and salt present, but it must be remembered that they are 
based on the temperature of 20° referred to water at 4°. The 
means given for each day are calculated on the assumption that 
the collections made from 9 P.M. to 6 A.M. represent three 3-hour 
periods. The mean specific gravities for individual A are con- 
stant and the conductivities nearly so. There is no simple relation 
between the two classes of data. Nor is any relation seen when 
we subtract from the observed (corrected) specific gravity that 
fraction due to the urea present. This appears in column 7. To 
obtain these figures I found the specific gravity of several urea 
solutions and deduced this mean value; 1 gram of urea in 100 cc. 
adds 0.0027 to the specific gravity of water or a weak salt solution. 
For each gram of urea found per 100 cc. I have applied the correc- 
tion 0.003 to includetheeffectoftheotherorganicbodies. Incolumn 
8 I have given the excess of the specific gravity due to mineral 
substances over that of water at the standard temperature; viz., 
0.9983. The variations here are so slight as to have no practical 
significance ; but in columns 9 and 10 we have numbers which are 
characteristic and definite enough to afford certain indications. 
From well-determined values, those found in the tables of Kohl- 
rausch and Holborn, for example, it is possible to calculate the 
conductivities of weak salt solutions, such as those concerned here. 
From the total observed conductivity I have taken out the fraction 
due to the sodium chloride found to be present, and have put down 
the remaining values in column 9. These numbers represent the 
conductivities due to salts other than the sodium chloride of the 
food, and are therefore a measure of the mineral products of 
metabolism present. We have here mainly the sulphates and 
phosphates of oxidation and it will be seen that the mean values 
are pretty constant for individual A, through the three days. For 
B the results are somewhat less constant but distinctly different 
from those for A. The fraction of the conductivity due to meta- 
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bolic products is much greater for B than for A in the mean, and 
at several-periods reaches an amount which is nearly one-half the 
total. In both cases the chlorine excretion is greatest during the 
morning hours, while the conductivity due to other salts reaches 
a maximum later. It will be noticed that these numbers which are 
given in column g bear no close relation to the specific gravity 
numbers given in columns 3, 7 and 8. The relation of the con- 
ductivity to the salt excretion is given in columns 10, and for A is 
practically constant. For B the ratio is a different one, but not 
quite a constant. Inasmuch as salt is the chief mineral substance 
excreted a relation of this kind is a practical necessity. The 
curves in the adjoining figure show the variations in the total 
conductivity from period to period, and also the variations in the 
fraction of the conductivity not due to sodium chloride. 

To further show the relation of composition to conductivity a 
number of complete analyses have been made of mixed normal 
urines. The conductivities of these urines were found and also 
the conductivities of artificial mixtures made up from the results of 
analyses. The analyses are given in the tables. Numbers 1, 2 
and 3 are of urines from men consuming a mixed animal and 
vegetable diet. The results were obtained in April while the 
weather was cool and the excretion normal. Numbers 4, 5 and 6 
are from the urine of vegetarians consuming the mixed nut, 
vegetable and cereal foods used by the authorities of the Battle 
Creek Sanitarium. Each urine represented the total day’s excre- 
tion of three or four individuals, and aside from the special pur- 
pose here in view the analyses have considerable scientific value 
because very few complete examinations are found in the litera- 
ture. The average excretion for each individual contributing to 
Nos. 1, 2 and 3 was about 1200 cc., while for the individuals 
furnishing the urines 4, 5 and 6 the average excretion was about 
1000 cc. These results were obtainea later, in the warm weather 
of June. 
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TABLE OF COMPLETE URINE ANALYSES. 


Nos. I, 2 and 3 mixed diet. 
Nos. 4, 5 and 6 vegetarian. 
Results in grams per Ioo cc. 


I. 2 4 4. 5. 6. 
Specific gravity °> .... 1.024 1.020 1.026 1.017 1.028 1.021 
Condu¢tivity, K. teense 0.02372 0.02402 0.02793 0.01984 0.02898 0.02251 
Potassium, K......... 0.1980 0.2455 0.2604 0.1416 0.4872 0.3869 
Sodium, antler 0.3820 0.3710 0.4647 0.3419 0.3578 0.2705 
Calcium, Ca ........+. 0.0104 0.0086 0.0132 0.0031 0.0164 0.0130 
Magnesium, Mg ..... 0.0092 O.O12I 0.0152 0.0144 0.0225 0.0341 
Ammonium, NH,....- 0.0900 0.0840 0.1080 0.0800 0.0745 0.0576 
Chlorine, Chi-:cccias cece 0.7366 0.7160 0.7739 0.5254 0.8165 0.5893 


Phosphoric acid, ers + ore 0.1742 0.3135 0.2062 0.3III 0.2230 
Sulphuric acid, SO, - 0.1640 0.1964 0.3230 0.1965 0.2790 0.2039 
Urea, CON,H, «-.---- 2.85 2.60 2.97 21% 2.95 2.80 

Uric acid, (c, Hy, 2N,O;)” o. em 0.0691 0.0876 0.0549 0.0769 0.0838 
Creatinin, c .H,N,O- - + 0.1750 0.1790 0.1414 0.0252 0.0910 0.1050 


Some of these results are very interesting but a discussion of 
peculiarities revealed will be left for another occasion. An 
attempt was next made to duplicate the urines as nearly as 
possible by mixing salts, urea and creatinin in certain proportions. 
It is not possible in any case to obtain a perfectly clear artificial 
mixture containing all the bases and acids in the proportions 
found, but mixtures were made by combining the phosphoric acid 
and the whole of the calcium and magnesium first. The acid 
phosphate solutions. obtained were clear, and strongly acid to 
litmus. Then the salts were added in amounts shown in the table, 
the urea and the creatinin also. The uric acid and a part of the 
ammonium were temporarily left out. In each case 250 cc. of 
mixture was made, and the conductivity found. 


DUPLICATION OF ANALYSES. 
Results in grams per Ioo cc. 


Substances taken, I. , a 4. 5 6. 
NaCl. ...eeeeeeeee cece 0.9716 0.9436 1.1819 0.8686 0.9100 0.6880 
CON eieie-e'sl pinloleloten’ ole are 0.3089 0.3013 O.TIQI «sees +0.5554 0.3610 
K,SO,. 2.000 ceee- cece 0.0804 0.1951 0.4411 0.3154 0.4363 0.3704 
(NH,),SO, ----ee0 ee 0.1646 0.1222 0.1098 0.0312 0.0527  «eeees 
CACO, (o-0'c vweey nt ones 0.0260 0.0215 0.0330 0.0078 0.0410 0.0325 
MgO ..-.eee eee ceeeee 0.0153 0.0202 0.0250 0.0240 0.0375 0.0568 
greece ecoesscceseees Seetee Severs Seeeee CEKeES ceeees 0.0312 
PO, oe eceececcee seceee 0.1143 0.1742 0.3135 0.2062 0.3III 0.2230 
CON,H, «+ ee ee eee eee 2.85 2.60 2.97 2.11 2.95 2.80 
CyH,N,O «+. +e cere eee 0.175 0.179 0.1414 0.0252 0.0910 0.105 
Conductivity found ... 0.02264 0.02291 0.02628 0.01910 0.02843 0.02059 


After finding rat conductivity of the clear solutions, theammonia 
lacking and the uric acid were added, the ammonia from a strong 
standard solution. The mixtures were shaken and allowed to 
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settle some hours, when the conductivities were again found. A 
slight correction in the results was made on account of the trifling 
dilution on adding the ammonia. The results were as follows, 
from the solutions now neutral to litmus paper : 
s, 2. 3. 4. 5. om 

Remaining NH, added..-.--0.0451 0.0507 0.0781 0.0715 0.0599 0.0576 
Uricacid (C;H,N,O;)”addedo.c64r 0.0691 0.0876 0.0549 0.0769 0.0838 
New conductivity at 20°....0.02332 0.02400 0.02768 0.01944 0.02886 0.02158 

It is interesting to note that the new conductivities correspond 
very nearly with those found for the original urines. The values 
found before the addition of the uric acid and the ammonia were 
all sensibly lower, as might be expected, but with the final addi- 
tions higher conductivity is secured, notwithstanding the fact of 
the formation of a slight precipitate. The fraction of the con- 
ductivity due to the free uric acid or to the urates is small as the 
investigations of His and Paul would suggest. ‘These results are 
in a measure a check on the general accuracy of the analyses. 

Certain general conclusions may be drawn from these experi- 
ments : 

1. The electrical conductivity of the urine varies essentially with 
the amount of inorganic salts present and taken alone is a datum 
of relatively little importance because of the effect of the large 
amount of sodium chloride present ; but, 

2. After deducting the fraction of the conductivity due to the 
sodium chloride content a remainder is left which has importance 
in indicating the extent of certain metabolic changes. The 
amounts of sodium chloride and other salts and the corresponding 
conductivities are shown in a manner easy for comparison in the 
tables of complete analyses and duplications. 

3. Inasmuch as the conductivity may be readily and accurately 
determined the variations in the value of this residual conductivity 
are of importance in fixing the lag in the rate of inorganic excre- 
tion. 

4. For the purpose of making other comparisons it may be 
necessary to determine the conductivity in diluted urine, where the 
salts act with their maximum capacity. Some work of th's ‘ind 
is in progress. 


NORTHWESTERN UNIVERSITY, CHICAGO, 
June, 1902. 


1 Ztschr. physiol. Chem., 31, 1. 














THE RETENTION OF ARSENIC BY IRON IN THE MARSH. 
BERZELIUS METHOD.’ 
By CHARLES LATHROP PARSONS AND MORRIS A. STEWART. 
Received July 2, 1902. 

Aw extended discussion of the determination of arsenic in small 
quantities has recently been published in the English chemical 
journals and several chemists have called attention to the fact that 
different samples of zinc produce mirrors of varying intensity 
from like amounts of arsenic. 

The Joint Committee of the Society of Chemical Industry and 
the Society of Public Analysts in reporting the details to be fol- 
lowed in carrying out the Marsh-Berzelius method state that “It 
is important to note that some pure zinc is, from a cause at present 
unknown, not sufficiently sensitive; that is to say, the addition of 
minute quantities of arsenic produces no mirror.”* O. Hehner* 
states that he found some zinc which, while retaining the arsenic 
in the form of rods, did not do so when granulated, and further 
claims that the addition of platinic chloride renders the reaction 
less delicate. Again‘ the same author finds that minute quantities 
of arsine are not evolved when aluminum and sodium hydroxide 
are used as a source of the hydrogen, and that even so much 
as 0.2 mg. in 25 cc. of solution gives no mirror. Wohler as far 
back as 1839 stated that when arsenical pig iron is dissolved in 
dilute sulphuric acid the arsenic does not pass off with the hydro- 
gen but remains as a salt of arsenic acid.’ Headden and Sadler® 
found that very low results for arsenic were obtained by the 
Marsh-Berzelius method on arsenopyrite, FeAsS. The amounts 
were increased by removing the iron, and they suggest that, as 
much better results were obtained on duplicates from the same bar 
of zinc, one-half being used in each, the difficulty might be due to 
the carbon present. They later state’ that the addition of copper 
sulphate or platinic chloride also made the results much lower. 


1 Read at the Pittsburg meeting of the American Chemical Society. 
2 J. Soc. Chem. Ind., a1, 95 (1902). 

8 Jbid., 20, 194. 

4 Jbid., 20, 200. 

5 Ann. der Pharm., 31, 95 (1839). 

6 Am. Chem. J., 7, 341. 

7 Jbid., p. 342. 
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Sautermeyer’ found that even when o.1 gram of arsenic trioxide 
was purposely added he could get no reaction for arsenic when I 
gram of iron was dissolved in dilute hydrochloric acid in a Marsh 
apparatus and the flame allowed to play on porcelain. The test 
works, however, when 2.5 grams of zinc are added to the iron. 
Under these conditions 1 mg. of arsenic may be detected although 
it comes off slowly. No quantitative determinations were made. 

Although the results obtained by the before-mentioned authors 
would seem to indicate that the presence of iron was highly dele- 
terious the fact seems to have been entirely lost sight of by 
chemists and in most instances the investigators themselves 
attribute their low results to other causes or, at least, do not state 
the necessity for the absence of iron. In fact the contrary is fre- 
quently true and recommendations to add ferric chloride to insure 
regularity of flow of gas will often be found intheliterature,evenso 
weil known an authority as Mr. A. H. Allen? recommending that 
the zinc always contain, at least, a trace of iron to insure the 
regular evolution of hydrogen and the formation of uniformly 
deposited brown mirrors. This condition will probably almost 
always exist, as our experience has been that it is almost impos- 
sible to purchase zinc free from iron. 

Our attention was called to the fact that the Marsh-Berzelius 
method often fails to give up, as arsine, all the arsenic present, by 
repeated failures to obtain in the form of mirrors the weight of 
arsenic which had been added to the generator, while a careful 
examination of the gas that had passed through the heated tube 
proved it to be arsenic-free. The remaining arsenic, therefore, 
could be in the generator only. To overcome the difficulty .we 
used the zinc in rod form and then the same zine granulated, zinc 
containing carbon and zinc carbon free, but found they all retained 
arsenic. We also tried many samples of zinc, but while different 
percentages of the arsenic present were recovered we were not 
able to obtain any sample of zinc that yielded all the arsenic that 
had been added. 

In order to investigate the question, relatively large amounts of 
zinc were used and varying amounts of arsenic added. We soon 
found that if a too large amount of arsenic, relative to the escaping 


1 Chem. Ztg., 15, 1021. 
2 J. Soc. Chem. Ind., 21, 94 (1902). 
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hydrogen was present, as arsenious acid, it was reduced first to the 
metallic and not to the gaseous state. This is probably so well 
known that the fact is seldom mentioned, but it was at the time 
new tous. By never using more than a few centigrams of arsenic 
trioxide this difficulty was avoided ‘and the residues left in the 
generator, which with some samples of zinc were voluminous, 
were arsenic-free or so nearly so as to yield but a faint brown 
coloration in place of a mirror. These residues consisted gener- 
ally of lead and carbon but as we could trace no relation between 
their presence and the retentive action of the zinc there will be no 
need to mention them further. The retained arsenic was, there- 
fore, in the solution. 

The solution left in the generator was filtered, acidified with 
strong nitric acid to prevent volatilization of arsenious chloride, if 
present, and was evaporated to hard dryness over a free flame. As 
the last of the water passed off a brick-red precipitate, intermixed 
with the zinc chloride, was formed, which was insoluble in water 
and strong nitric acid. The zinc chloride, together with any lead 
chloride, was dissolved out with hot water and was now found to 
be iron-free and to still yield no further mirror of arsenic. In 
fact, subsequent trials showed this to be a most excellent method 
of preparing pure zinc chloride free from iron, as the iron was 
quite perfectly separated even when considerable quantities had 
been added. The brick-red precipitate, on being dissolved in 
concentrated hydrochloric acid and again treated in the Marsh 
apparatus, yielded a large part of the arsenic which had been 
retained, as arsine, but again a portion was held back. By twice 
repeating the process of evaporation of the solution with nitric 
acid and re-treating the red precipitate formed, almost all of the 
arsenic added was recovered. 

To determine the character of the red precipitate, a quantity was 
prepared, carefully washed and dried in a steam-bath. Washing 
was difficult, unless quickly done, as the precipitate had a decided 
tendency to become colloidal and it was found by no means as 
simple to free it from zinc as it had been to free the zinc chloride 
from iron. Samples were finally secured which were zinc-free. 
Several samples prepared in this manner were found to contain 
only iron, water and arsenic. No nitrogen was present. The 
material was therefore a hydrated iron oxide carrying arsenic. 
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Several attempts to determine in what form the arsenic was held 
have met with failure. The arsenic appears to be not an essential 
constituent of the red precipitate for it is present in very varying 
amounts and we have prepared an exactly similar compound 
arsenic free. 

An analysis of two separate samples showed them to contain: 


FesO;. As. 
Sample I. ..-eeeceeseecccece cece ceeeee soeees 86.4 0.75 
Sample 2...-2c0csce sees cccccesccsscescccces 87.1 1.53 


In both instances the arsenic was deposited as a mirror and 
weighed, as the quantity was so smaN compared to the iron that 
the ordinary gravimetric separation proved inadmissible. Accord- 
ingly the amounts are lower than the reality. A few of the actual 
experiments performed in this preliminary work will prove of 
interest. 

(1) With no iron present but that contained in ordinary re- 
agent “arsenic-free” zinc: 

Arsenic-free, granulated zinc, containing iron, lead and 
carbon as impurities used and 0.05 gram of arsenic tri- 
oxide, in solution in hydrochloric acid were added. A consider- 
able residue of lead and carbon remained, which, after being 
washed, dissolved in nitric acid, and re-treated in a Marsh appa- 
ratus, yielded a mere trace of arsenic. The solution evaporated 
to dryness with nitric acid, over free flame, gave a brick-red pre- 
cipitate which, after being carefully washed, dried, dissolved in 
hydrochloric acid and re-treated in a Marsh generator yielded a 
mirror weighing 0.0025 gram. The zinc chloride and washings 
from the red precipitate were arsenic-free. 

(2) With an excess of iron salt added: 

Arsenic-free stick zinc was used. Several cubic centimeters of 
a concentrated solution of ferric chloride and 0.3 gram of arsenic 
trioxide was added in hydrochloric acid solution. Results as in 
(1) except that a large amount of the red precipitate was formed 
and a determination of a portion of it gave a mirror equivalent to 
0.032 gram of arsenic in the whole. 

(3) To find the proportion of arsenic recovered when the red 
precipitate is re-treated in a Marsh apparatus: 

Arsenic-free zinc containing iron, hydrochloric acid,, and 
0.00506 gram of arsenic were used. 
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First mirror deposited 0.00425 gram; held back by iron 0.00081 
gram. 

The generator solution was evaporated with nitric acid, the red 
precipitate washed, dissolved in hydrochloric acid, and re-treated 
in the Marsh apparatus. 

Second mirror deposited 0.00055 gram; held back by iron 
0.00026 gram. 

The generator solution was evaporated with nitric acid, the red 
precipitate washed, dissolved in hydrochloric acid, and re-treated 
in the Marsh apparatus. 

Third mirror deposited 0.coo1-+ gram. 

(4) ‘To find if the same action took place when sulphuric acid 
was used instead of hydrochloric acid: 

87 grams zinc, 25 grams ferrous sulphate in crystals, 0.5 gram 
arsenic trioxide, and dilute sulphuric acid were used. After che 
action ceased the sulphates were all precipitated by barium chlo- 
ride, filtered, the solution treated with nitric acid and evaporated 
as before. The red precipitate formed easily and, being treated 
once in the Marsh generator, gave a mirror weighing 0.0054 gram. 

In all of the experiments to follow, the method of Marsh-Ber- 
zelius, as outlined by the Joint Committee of the Society of Chem- 
ical Industry and the Society of Public Analysts' was used, care 
being taken to remove by lead acetate any hydrogen sulphide or 
selenide that might be present, as Rosenheim? and others have 
shown that selenium has a marked inhibitive action on the forma- 
tion of mirrors. The mirrors were, however, weighed instead of 
being compared to standard mirrors as the nature of the investi- 
gation necessarily precluded their use, we being unable to procure 
any zinc that did not retain some arsenic. Many attempts were 
made to procure, on the market, iron-free zinc, but without suc- 
cess. The purest obtainable contained but 0.0011 per cent., 
which would ordinarily be considered as a mere trace. 
When looked at from the standpoint of the small amounts of 
arsenic determinable by the Marsh method it is, however, consid- 
erable. It may be well also to state here that our experience 
shows us that zinc in the so-called powdered form in which the 
grains are much the same size and approximately I mm. in 


17. Soc. Chem. Ind., 21, 94 (1902). 
2 Chem. News, 83, 280. 
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diameter, is much the best form to use, as it gives a large 
surface for action and a corresponding uniformity in the flow of 
gas, which can be obtained from no other form. 

Using the purest zinc obtainable, containing 0.0011 per cent. 
iron, no arsenic, and leaving no residue or but a mere trace, in the 
generator, when slight excess of acid was added, we next pro- 
ceeded to determine the effect of adding known amounts of iron 
and of ferric chloride. Some 30 to 40 grams of zinc were used 
for each experiment. In order to obtain an alloy of iron and zinc 
we used the zinc in the rod form, added iron reduced by hydrogen, 
fused the whole and granulated. The alloying was fairly success- 
ful when small amounts of iron were used but was seldom 
complete with the larger quantities. Efach sample made was 
proved to give no mirror itself before the addition of any arsenic. 

A preliminary experiment on the purest (Fe 0.0011 per cent.) 
zine gave results as follows: Arsenic taken; 0.0050 gram; arsenic 
found, first mirror, 0.0048 gram. 

On evaporating with nitric acid and re-treating the small 
amount of red precipitate formed, a light brown mirror, too small 
to be weighed, but representing a small fraction of a milligram 
was obtained. This is especially noteworthy as showing that 
even with this small amount of iron some arsenic is retained. 


EXPERIMENTS WITH ZINC ALLOYED WITH IRON. 

The alloying was not always perfect, especially with the larger 
amount. 

1. Alloy, 100 grams zinc; 0.2 gram iron: Arsenic taken, 0.0025 
gram; first mirror, 0.0008 gram, 32 per cent. 

2. Alloy, 100 grams zinc; I gram iron: Arsenic taken, 0.0050 
gram; first mirror, 0.0017 gram, 34 per cent. 

3. Alloy, 100 grams zinc; 5 grams iron: Arsenic taken, 0.0050 
gram; first mirror, 0.0017 gram, 34 per cent. 

4. Alloy, 100 grams zinc; 20 grams iron: Arsenic taken, 0.0050 
gram; first mirror, 0.0025 gram, 50 per cent. 


EXPERIMENTS TO SHOW THE EFFECT OF FERRIC CHLORIDE IN THE 
GENERATOR SOLUTION. 

I. 30 grams purest zinc, with 0.2 per cent. iron as FeCl, added 

to generator: Arsenic taken, 0.0050 gram; first mirror, 0.00345 

gram, 69 per cent. 
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2. 30 grams purest zinc, with I per cent. iron as FeCl, added 
to generator: Arsenic taken, 0.0050 gram; first mirror, 0.0027 
gram, 54 per cent. 

3. 30 grams purest zinc with 5 per cent. iron as FeCl, added to 
generator: Arsenic taken, 0.0050 gram; first mirror, 0.00295 
gram, 59 per cent. 

4. 30 grams purest zinc with 20 per cent. iron as FeCl, added to 
generator: Arsenic taken, 0.0050 gram; first mirror, 0.0016 gram, 
32 per cent. 

5. 30 grams purest zinc with 15 per cent. iron as FeCl, aaded to 
generator: Arsenic taken, 0.0001 gram; first mirror, less than 
0.000001 gram. 

From the results of our work we are forced to the conclusion 
that iron, whether as an alloy with the zinc or in the generator as 
a soluble salt, must be avoided, if exact quantitative results are 
desired. Whenever iron was present, even in small amounts, we 
have never failed to find arsenic in the red precipitate of hydrated 
iron oxide, formed by evaporating the liquid contents of the 
generator with nitric acid. This fact must give rise to serious 
error in the determination of very small amounts of arsenic by the 
use of standard mirrors, unless special precautions are taken, and 
it is for the determination of these small fractions of a milligram 
that the Marsh-Berzelius method finds its special application. 
Although our results do not show any definite amounts of arsenic 
retained by a given percentage of iron present as impurity we are 
inclined to believe that the amount retained would be fairly definite 
where the amount of iron present was very small. If this is true, 
the method of using standard mirrors, so universally adopted, will 
give results of essential accuracy, if the precaution be taken to 
always prepare the standards from the same zinc to be afterwards 
used in the analysis. It is also necessary that the zinc be as nearly 
free from iron as can possibly be obtained and that soluble salts of 
iron be kept out of the generator. It, accordingly, will be neces- 
sary in preparing solutions containing iron for analysis to reduce 
them and distil off the arsenic, as arsenious chloride, before adding 
to the generator. As a qualitative test we have never failed to get 
a mirror, even with iron present, when as much as 0.01 mg. of 
arsenic was added. 


NEW HAMPSHIRE COLLEGE, DURHAM, N. H., 
June 1, 1902. 











ON THE CONSTITUTION OF CERTAIN ORGANIC SALTS 
OF NICKEL AND COBALT AS THEY EXIST 
IN AQUEOUS SOLUTION.’ 


By O. F. TOWER. 
Received July 2, 1902. 

Ir has been shown in a former paper that the molecular con- 
ductivities of aqueous solutions of nickel and cobalt tartrates are 
exceptionally small, and furthermore that the apparent molecular 
weights derived from the freezing-point method considerably ex- 
ceed the molecular weights calculated from the simple formulas of 
the salts.2. It was suggested that these unusual results could be 
accounted for on the assumption of polymerization. The formula, 


COONiOOC 

baeei hentai 

buon HOH’ 

owmoat 
was given as expressing possibly the constitution of a molecule of 
nickel tartrate. Such a molecule would very likely be much less 
dissociated in s@lution than a simple molecule. In order to investi- 
gate this problem more fully these same methods have been ap- 
plied to the tartrates of other metals and to the nickel, cobalt, and 
magnesium salts of certain other organic acids. 

These salts were prepared from pure chemicals of standard 
make. The solutions were made by treating an excess of the 
carbonate or oxide of the metal with a sufficiently dilute solution 
of the acid. In a few instances the hydroxide of the metal was 
employed. On account of the slight solubility of most of these 
organic salts, the quantity of salt in solution after the acid had 
become neutralized was almost never equivalent to the quantity of 
acid taken, because some of the salt was precipitated while the 
action was going on. It was therefore necessary to determine the 
amount of salt actually present in the solution in each case. The 
temperature of the solution has considerable effect on the solubility 


1 Read at the Pittsburg meeting of the American Chemical Society. 
2 Tower : This Journal, 22, 501 (1900). 
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of these salts. This effect has already been described for nickel 
and cobalt tartrates,t and is similar for the other salts used, 
although in most cases less pronounced. Heat seemed to decrease 
the solubility, so that all solutions were made up in the cold or at a 
temperature not exceeding 50°. The action of the dilute acids 
was very slow at these low temperatures. To accelerate it the 
solution was constantly shaken until the reaction was neutral. 
This required only about fifteen minutes with magnesia and the 
freshly precipitated hydroxides of nickel and cobalt, while for the 
carbonates of nickel and cobalt an hour or more was frequently 
necessary. Solutions of barium tartrate were prepared by neu- 
tralizing a solution of*barium hydroxide with tartaric acid. Solu- 
tions containing more than 1 gram-molecule of barium tartrate in 
80 liters were supersaturated. Measurements with these super- 
saturated solutions revealed no abnormal behavior, which is also 
the experience of others. Attempts were made to prepare solu- 
tions of calcium and zinc tartrates. ‘These salts are, however, so 
insoluble that the solutions obtained were too weak to render the 
measurements of any value for the purpose of comparison. 

The measurements of the electrical conductivity of the tartrates 
reported in my former article were made with a small combination 
Wheatstone-Kohlrausch bridge only 25 cm. long. All the meas- 
urements which follow were made with a meter bridge, which had 
been carefully calibrated. The conductivities of the tartrates of 
nickel and cobalt were therefore redetermined with the new appa- 
ratus. The temperature at which all the determinations were 
made was 18° + 0.1°. The conductivity of the water used varied 
from 2.0 to 3.0 X 10-*, This has been deducted from the specific 
conductivity in every case. The results with the salts of tartaric, 
malic and succinic acids are given in Table I: wv is the number of 
liters in which a gram-molecule of the salt was dissolved; M is 
the molecular conductivity in reciprocal ohms. In the former 
article the equivalent conductivity was given, but since some of the 
salts probably exist in a polymerized condition, the molecular con- 
ductivity is given as affording a better basis of comparison. 


1 Tower: Joc. cit., pp. 504 and 515. 
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TABLE I. 

Nickel tartrate. Cobalt tartrate. 
Qe vy. MM. »  »6M. 2, M. 2. M. 
10.35 9.2 13.46 12.0 25.38 25.4 31:05 32.2 
25085 13:3 2° 13.46 16.4 2X 25.38 34.5 231.05 43.0 
4X 10.35 20.7 4X 13.46 22.7 4X 25.38 47-4 4X 31.05 57.1 
8X 10.35 30.6 813.46 29.8 8X 25.38 63.5 8 X3I.05 74.4 
16 X 10.35 44.4 1613.46 45.0 16 X 25.38 83.2 1631.05 96.0 
32 X 10.35 62.8 3213.46 61.2 32 X 25.38 105.6 32 31.05 120.6 
64> 10.35 81.5 64 13.46 81.3 64 X 25.38 133.0 64 X 31.05 150.2 

Magnesium tartrate. Barium tartrate. 

». 86M. v. _— v, M. v. M. 

19.65 67.4 24.39! 71:9 20.03 58.5 2f.27 50.3 
2X 19.95 82.0 224.37 87.7 2X 20.03 704 221.27 72.8 
4X19.95 98.1 4X 24.37 103.0 AX 20:03; 85.2 45< 21.07 -88.6 
8X 49.95 114.6 8X 24.37 119.2 8 X 20.03 105.1 8X 21.27 106.4 
16 X 19.95 130.5 16 24.37 135.1 16 X 20.03 125.6 16 21.27 126.5 
32 X 19.95 145.8 32 24.37 150.0 32 X 20.03 143.0 32 X 21.27 147.3 
64 X 19.95 160.7 64> 24.37 165.9 64> 20.03 161.4 64 21.27 167.1 


Manganese tartrate. 


Nickel malate! 


Cobalt malate. 





r 





‘ 








v. M. v. M. v M. v. M. 
37.79 66.9 41.71 68.8 14.97 1455 18.44 23.6 
237/90" OTS “2>C4r.7i- $3.8 2Xi47 «6 IT Pz XS a4 «BS 
4X 37-79 98.5 4X41.71 99.7 4X1477 22.0 4X18.44 36.0 
8 X 37.79 114.5. 8X 41.71 117.0 3<14.97 28.2. 8X 18.44. i4gia 
16> 37,90 132.5 16>< 41.71 ~133.5 16674577... 37.2 AGFA © RBs 
32 X 37-79 148.3 32 X 41.71 148.9 3214.77 51.0 3218.44 74.6 
6414.77 69.9 64% 18.44 94.3 
Magnesium malate. Nickel succinate. 
i uv. M. v. M. v M. 
9.74 43.3 18.42 62.2 19.57 62.7 
2X 9-74 54-7 2X 18.42 75:9 2X 19.57 76.9 
4X 9.74 67.4 4X 18.42 91.7 4 X 19.57 92.5 
8 X 9.74 83.0 8 x 18.42 108.8 8 X 19.57 109.5 
16 X 9.74 100.1 16 X 18.42 125.9 16 X 19.57 126.6 
32 X 9.74 118.3 32 X 18.42 143.0 32 X 19.57 145.2 
64 X 9.74 135.0 64 < 18.42 158.4 64 X 19.57 160.3 
128 + 9.74 149.0 
Cobalt succinate. Magnesium succinate. 
v=. v. M.- v. M. v. M. 
17.29 65.0 20.25 68.2 14.31 76.6 5.70 77.6 
2>G57ia9 98:3. 2></20.25.. 82:2 2X 14.31 88.7. 215.70 90.0 
4X 17.29 93.0 4X 20.25 97.1 4X 14.31 102.8 4X 15.70 104.2 
8X 17:29 109.7. 8X 20.25 113.6 8X 14.31 117.4 8 X15.70 119.8 
16 X 17.29 126.6 16 20.25 130.2 16 X 14.31 131.9 1615.70 134.6 
32 X 17.29 145.0 32 20.25 148.0 32 X 14.31 146.2 32x 15.70 149.0 
64 X 17.29 159.0 64> 20.25 162.3 64 X 14.31 158.8 64> 15.70 160.8 


tity of this acid on hand. 


! Only one solution of each salt of malic acid could be prepared with the small quan- 
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From these results interpolations have been made graphically 
fo. v= 16, 32, etc., by plotting curves with the molecular con- 
ductivities as abscissas and the logarithms (base 2) of the dilu- 
The interpolated values are given in Table 
II. In cases where the conductivity was determined in two 
separate solutions only the average is given in the table. 
sults of Walden’ for magnesium salts of these acids are given for 
comparison. They have been reduced to the same units and 
temperature. The temperature coefficient used for this purpose 
was 0.027, the average value found by Arrhenius? for sodium salts 


tions, v, as ordinates. 


of organic acids. 


TABLE II. 


Molecular conductivity of tartrates. 





my 


Mag- Magnesium. 








IOI5 


The re- 





v Nickel. Cobalt. nesium. (Walden.) Barium. Manganese. 
16 eevee » 12.3 63.0 eeee are 
cy eee 18.1 30.5 77-5 sees 66.8 63.2 
64 occece 25.8 41.1 93-0 92.3 81.2 78.0 
128 cece S721 55-5 109.8 107.8 98.5 94.2 
256 0 eseice 52.0 72.4 125.5 124.5 117.3 110.7 
BIQicasans 70.4 94.2 140.8 138.9 136.2 127.1 
1024. + 0000+ 93.0 118.0 156.0 151.5 155.0 143.9 
Molecular conductivity of malates. 
Magnesium. 
. Nickel. Cobalt. Magnesium. (Walden.) 
IG viccecnemetesssaiee 14.8 22.8 51.1 
32 . cccccccccecccecs 18.1 27.8 63.6 ae 
Ghivsiiccnenscucainnsens 22.6 34.2 78.2 80.9 
PAG wsindees. scas ccease 29.3 43.0 95.0 96.9 
256 werccesccccesccces 38.5 55-2 113.4 113.9 
SIZ cccccecccccs vecece 53.0 70.7 129.2 130.5 
TO24 scccceccccsesccece 72.3 90.3 146.0 145.1 
Molecular conductivity of succinates. 
Magnesium. 
v. Nickel. Cobalt. Magnesium. (Walden.) 
16 cocccecccccs cevece 59.5 63.7 78.2 eee 
42 = civccs vecsuccsesies 73.0 76.8 90.7 sees 
OSCR RCAC CONT 88.0 gI.2 104.8 106.8 
TQS cccccccvescecccvcs 105.2 107.9 120.2 121.6 
BEG) i viwadaiecensisisina sien 122.3 124.6 134.7 135.6 
BEF) occcee seednses anne 139.7 142.4 148.9 147.8 
TO24 sccccesccccccccccs 155.6 157-5 160.8 158.6 


1 Zischr. phys. Chem., 1, 537 (1887). 
2 Jbtd., 4, 99 (1889). 
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The molecular conductivities of the tartrates of magnesium, 
barium and manganese do not vary from one another more than 
may be expected for different salts of the same acid. The con- 
ductivities of the tartrates of nickel and cobalt are, however, so 
small as to be of an entirely different order. The same is true of 
the conductivities of the malates of nickel and cobalt. The con- 
ductivity of magnesium malate is somewhat less than that of the 
tartrate, as was also observed by Walden. ‘The conductivities of 
the succinates of nickel and cobalt present no abnormal behavior 
when compared with the conductivity of magnesium succinate. 

Determinations of the lowering of the freezing-point were made 
with the apparatus described in my former article. Determina- 
tions of the freezing-poirt of the same solution never varied mvre 
than 0.001°, but the freezing-points of two solutions made up as 
nearly alike as possible gave larger differences. Since the solu- 
tions used were rather dilute, a difference of two or three 
thousandths of a degree would frequently make a difference of ten 
or twenty units in the molecular weights calculated from them. 
So much reliance cannot therefore be placed on the absolute or on 
the relative value of the results obtained by this method, as on 
those obtained by measuring the electrical conductivity. The 
depressions of the freezing-point together with the apparent 
molecular weights calculated from them are given in Table ITI. 








TABLE III. 
Nickel tartrate. Cobalt tartrate. 
Substance in Substance in = 
100 cc. Apparent 100 cc, Apparent 
Grams. Depression. mol. wt. Grams. Depression. mol. wt. 
1.8795 0.139° 260 0.6739 0.062° 207 
1.7205 0.121 273 0.6505 0.059 207 
1.6450 0.117 268 0.3370 0.037 173 
0.8602 0.081 202 0.3252 0.036 170 
0.8225 0.076 206 9.1685 0.021 153 
0.4301 0.042 193 0.1626 0.021 146 
Magnesium tartrate. Barium tartrate. 
0.8642 0.139° 118 0.7136 0.063° 216 
0.8428 0.137 II7 0.3568 0.036 189 
0.4321 0.079 104 0.3568 0.039 174 
0.4214 0.076 106 0.1784 0.020 170 
0.2160 0.045 gI 0.1784 0.021 162 
Manganese tartrate. Nickel malate. 
0.6130 0.083° I4I 1.2912 0.147° 167 
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Manganese tartrate. Nickel malate. 
Substance in Substance in ‘ 
100 cc, Apparent 100 cc. Apparent 
Grams. Depression. mol. wt. Grams. Depression. mol. wt. 
0.5805 0.078° 142 0.6456 0.086° 143 
0.3075 0.046 127 0.3228 0.050 123 
0.2902 0.041 135 
Cobalt malate. Magnesium malate. 
1.0360 0.114° 173 1.6060 0.244° 125 
0.5180 0.068 144 0.8030 0.130 118 
0.2590 0.040 123 0.4015 0.979 97 
Nickel succinate. Cobalt succinate. 
0.9488 0.169° 107 1.0125 0.176° IIo 
0.8931 0.160 106 0.8646 0.156 106 
0.4744 0.095 95 0.5062 0.094 103 
0.4466 0.082 104 0.4323 0.084 98 
0.2233 0.049 87 0.2531 0.057 85 
Magnesium succinate. 

0.9808 0.207° go 

0.8942 0.185 SI 

0.4904 0.115 8r 

0.4471 0.098 76 

0.2452 0.065 72 


In order to render these results more readily comparable, by 
means of graphical interpolation the molecular weights have been 
calculated for dilutions of 16 and 32 liters. These figures together 
with the molecular weights calculated from the simple formulas 
of the respective salts are given in Table IV. 





TABLE IV. 
Tartrates. Malates. Succinates, 
= ‘ ’ a’ Ce 
di ¢ ; 
S| ¥ | & 
5 ¢ 5 3 
r a ; 5 . a ‘ 7) 
7 uv Ss = uv = uv 
P22 R Feb Pes 
o 627 t& gs Pexee 
4 € a @ a a Oo Rm = & a 


Mol. wt. from formula.... 207 207 172 286 203 I9I I9I 156 175 175 140 
vated from |? = 16. ++ 230 244 122 «e+ «e- 164 179 120 108 111 82 

Table III | Y= 32-++ 196 207 109 234 143 140 150 I00 100 103 77 

From this table it is seen that all the salts yield in the more con- 
centrated solutions apparent molecular weights considerably less 
than the molecular weights calculated from the formula, except 
the tartrates and possibly the malates of nickel and cobalt. Ac- 
cording to the dissociation theory we should expect all of the salts 
in solutions of this concentration to give apparent molecular 
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weights much less than the true ones. The nickel and cobalt salts 
just mentioned, which give such high molecular weights, are the 
ones calling for special explanation. These exceptional results 
yielded by the freezing-point method are, however, in line with 
the conductivity determinations with the same salts. 

An adequate explanation of this peculiar behavior of the tar- 
trates and malates of nickel and cobalt is difficult to find. It was 
Walden’ who first pointed out, working with magnesium salts, 
that the dissociation of the salts of dibasic acids with bivalent 
metals as measured by the conductivity was of a very different 
nature from the dissociation of the neutral sodium salts of the 
same acids. Bredig? has attempted to explain this difference on 
the assumption that the molecules of a salt, MgAc (Ac being the 
radical of a dibasic acid), split up into complex ions of the nature 
ee ge 
Mg” NAc 


as well as the simpler ones Mg and Ac. As the dilution increases 
the complex ions gradually tend to decompose into the simpler 
ones. The behavior of nickel and cobalt tartrates and malates has 
been shown to be very different from that of the magnesium salts 
of the same metals. The suggestion was made in the article to 
which reference has already been made, that the abnormal 
behavior of the tartrates of nickel and cobalt might be ascribed to 
polymerization of the molecules. The same would also apply to 
the malates. The molecule of nickel tartrate, for example, in 
solution would have the formula 


COONiOOC 
| | 
CHOH CHOH 
| | 
CHOH CHOH 


boonioot 
and would be dissociated in concentrated solutions into complex 
ions and as dilution proceeds into simpler ones in a manner similar 
to that indicated above for magnesium salts, the dissociation, how- 


1 Loc. cit., p. 529, et seq. 
2 Ztschr. phys. Chem., 13, 202 (1894). 











ORGANIC SALTS OF NICKEL AND COBALT. IOIg 


ever, being much less. This explanation differs from that of 
Bredig for magnesium salts in assuming the existence of double 
molecules in solution as well as of complex ions, and seems to 
have support in the apparent molecular weights derived from the 
freezing-point method. 

The application of Ostwald’s formula for basicity, as developed 
by Walden! for dibasic salts of bivalent metals, throws but 
little light on this question. The formula is 4 = Cn,n,, where 4 
is the difference between the equivalent conductivities at v = 32 
and v= 1024, n, is the basicity of the acid radical, n, is the 
valence of the metal, and C is a constant, equal usually to 10 or a 
little less. Only molecular conductivities are given in Table II so 
that the difference between the values at 7 = 32 and v= 1024 
must be divided by two to make it comparable with the difference 
obtained with equivalent conductivities. When this is carried out 
for the nickel and cobalt salts the basicity is found to be two, just 
the same as when applied to the magnesium salts. Since, how- 
ever, the formula is wholly empirical, the results obtained by 
using it cannot be accepted without other support in the face of 
the values derived by the freezing-point method. If the Ostwald 
rule shows anything in this instance, it is rather to be interpreted 
as indicating that the complex ions decompose but little below the 
dilution, 1024.? 

If then the tartrates and malates of: nickel and cobalt are 
polymerized in aqueous solution, the molecules of the succinates 
are surely not, for their conductivities are normal and the apparent 
molecular weights found by the freezing-point method also pre- 
clude any such condition. This seems to show that the presence 
of the hydroxyl groups in the tartaric and malic acids may have 
some influence in inducing polymerization of the nickel and cobalt 
salts. There appears to be ground for this in the fact that the 
results obtained with the tartrates reveal a greater degree of 
polymerization than those with the malates; that is, the polymer- 
izing influence is apparently greater where two hydroxyl groups 
are present than where only one is present. 


1 Loc. cit. 

2 From the electromotive force of a cell containing a 1/5) molecular solution of nickel 
tartrate only about one-tenth of the nickel was found to exist in the ionic state. Tower: 
Loe: Cit. Ps 5i%. 
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That the presence of an hydroxyl group is the determining in- 
fluence in causing polymerization of the nickel and cobalt salts 
receives, however, no support from the results obtained by apply- 
ing methods similar to the above to the malonates and tartronates 
of nickel and cobalt. Conductivity and freezing-point determina- 
tions were carried out with these salts and also with the magne- 
sium salts of the same acids. ‘The malonic acid was a preparation 
of Merck. The tartronic acid was made from dinitrotartaric acid 
according to Demole.1_ The yield was small, which accounts for 
only one set of determinations having been made. Molecular con- 
ductivities are given in Table V, and depressions of the freezing- 
point in Table VI. 








TABLE V. 
Nickel malonate. Cobalt malonate. 
“ah v= M. v. M. : v. M. v. M. 
15.61 23.7 20:55 23.3 12.82 28.5 19.17 30.6 


2X 15.6% 27:3 2X 20:§§ 26.9 2X 0282: 33.2° 29:87 35-7 
AXCISIGI. 32:52 -4>< 20.55. 32:8 AxIa:S2 366 4<.10:17. 42.4 
8X 15.61 39.9 8X 20.55 39.0 SX i2S2. 4816 , $1917  -§2.3 
1615.61 49.4 16 20.55 49.5 16 X 12.82. 61.1 1619.17 64.9 
32 X 15.61 64.0 32> 20.55 64.0 32 X<12:82 98:4 3219.47 -8t.5 














64 15.61 80.2 64 X 12.82 96.0 
Magnesium malonate. Nickel tartronate. 
v. M. v. M. ‘ v. M. 
8.02 34.6 II.00 38.2 30.50 29.7 
2X 8.02 42.7 2X I1I.00 47.1 2X 30.50 34.7 
4 X 8.02 51.7 4 X 11.00 59.2 4X 30.50 40.3 
8 X 8.02 64.7 8 X II.00 73.2 8 X 30.50 46.9 
16 X 8.02 97.5 16 X II.co 88.7 16 X 30.50 54.5 
32 X 8.02 93.8 32 X I1.00 106.9 32 X 30.50 63.8 
64 < 8.02 110.9 64 X II.00 126.8 
Cobalt tartronate. Magnesium tartronate. 
as v. M. uv. M. 
28.10 36.5 15.77 42.0 
2X 28.10 43-3 2X 15.77 51.3 
4 X 28.10 50.6 axis 37 61.9 
8 X 28.10 58.7 8X 15.77 74.8 
16 X 28.10 68.5 16 X 15.77 89.2 
32 X 28.10 79.4 32 X 15.77 105.7 
64 X 15.77 122.5 


1 Ber. d. chem. Ges., 10, 1789 (1877). 
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TABLE VI. 
Nickel :nalonate. Cobalt malonate. 
Substance in Substance in 
100 cc. Apparent 100 cc. Apparent 
Grams. Depression. mol. wt. Grams. Depression. mol. wt. 
1.0300 0.150° 131 1.1995 0.201° 114 
c.7824 0.141 106 0.8402 0.169 95 
0.5150 0.090 109 0.5998 0.115 99 
0.2575 0.054 gt 0.2999 0.066 86 
Magnesium malonate. Nickel tartronate. 
1.5750 0.298 IOI 0.5798 0. 102 108 
1.1477 0.233 94 0.2899 0.065 85 
0.5738 0.134 82 0.1450 0.039 71 
0.2869 0.075 73 
Cobalt tartronate. Magnesium tartronate. 

0.6302 O.11g IOI 0.9944 0.200 95 
0.3151 0.071 85 0.4972 0.121 78 
0.1576 0.043 70 0.2486 0.072 66 


To bring the results of these two tables to a uniform basis, 
interpolations have been made graphically, exactly as in the pre- 
ceding cases. These interpolated values will be found in Tables 
VII and VIII. 








TABLE VII. 
Molecular conductivity. 
Malonates. Tartronates. 

Magne- Magnesium. Magne- 
uv. Nickel. Cobalt. sium. (Walden.) Nickel. Cobalt. sium. 
T6veccees 23.0 30.0 43.0 eee 25.5 32.0 42.3 
B2eccceee 26.5 34-7 52.6 Suen 29.9 37.8 51.5 
Eh oecsices 31.2 41.2 65.7 62.9 35-1 44.7 62.4 
TaGeec cas 38.2 51.2 79.5 73-5 40.8 52.2 75-3 
2560 cece oe 47.8 64.0 95-9 95-4 47-3 60.3 89.9 
SI 2ecccees 61.4 80.4 113.9 114.7 59.2 70.4 106.3 
IOZAsoscces 77.2 99.3 135.0 134.9 64.3 81.2 123.0 

TABLE VIII. 


Malonates. Tartronates. 
is ig, 





Magne- Magne- 
Nickel. Cobalt. sium. Nickel. Cobalt. sium. 


Molecular weight from formula.... 161 161 126 177 177 «4142 
Values interpolated {v—16...--. I2I 104 87 ome 94 
from Table V. lv =32 coceee I0l gI a9 106 98 77 
It is seen in these cases as heretofore, that the nickel and cobalt 
salts possess lower molecular conductivities and higher apparent 
molecular weights than the corresponding magnesium salts. Al- 











1022 ORGANIC SALTS OF NICKEL AND COBALT. 


though the conductivities of all these salts are less than for the 
corresponding succinates, still the relative differences between the 
conductivities of the nickel, cobalt, and magnesium salts are about 
the same as in the case of the succinates. No such differences 
exist, as were found between the conductivities of the tartrates 
and malates of magnesium and those of the corresponding nickel 
and cobalt salts. The conductivities of the magnesium salts of 
malonic and tartronic acids are considerably less than the con- 
ductivities of any of the other magnesium salts investigated. This 
was noticed by Walden in the case of the malonate. Bredig’s ex- 
planation of such behavior has already been referred to. The im- 
portant point to notice in connection with these last results is, 
however, that the conductivities of the nickel and cobalt tartron- 
ates are not appreciably less than the conductivities of the same 
malonates, although tartronic acid possesses an hydroxyl group. 
Any explanation of the conduct of these salts based on the pres- 
ence of an hydroxyl group in the molecule, therefore, appears to 
be untenable. 

Before letting the question rest here, however, a few consider- 
ations bearing upon the point under discussion will be mentioned. 
The strength of the acids of the succinic acid series (i. e., succinic, 
malic, and tartaric acids), as is well known, increases with the 
number of hydroxyl groups present, Ostwald’s affinity constants 
being for succinic acid 0.0066, for malic acid 0.0395, for tartaric 
acid 0.097.1_ The hydroxyl groups have therefore a distinct effect 
on the strength of the acids. In the case of malonic and tartronic 
acids a very different effect is observed. The Ostwald constant for 
malonic acid is 0.158 and for tartronic acid 0.107 ; that is, the intro- 
duction of an hydroxyl group has here decreased the strength of 
the acid. Such being the facts with regard to the acids, it seems 
probable that salts of the succinic acid series might show very 
different gradations in properties from the same salts of the 
malonic acid series. ‘Then before asserting that the presence of 
the hydroxyl groups in malic and tartaric acids has no effect on 
the behavior of their nickel and cobalt salts, it is necessary to ex- 
tend investigations similar to these to the salts of the glutaric acid 
series or some higher one. Such work is contemplated in the 
future. 


1 The values given are for K = 100%. See Zéschr. phys. Chem., 3, 418 (1889). 
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In conclusion, however, it may be stated that aqueous solutions 
of nickel and cobalt salts of dibasic organic acids offer greater 
resistance to the passage of the electric current than solutions of 
similar salts of the other metals investigated, notably magnesium, 
and that this resistance is exceptionally great in the case of the 
tartrates and malates of nickel and cobalt. This abnormal be- 
havior of the last-named salts is also confirmed by the results ob- 
tained with the freezing-point method for determining molecular 
weights. 


WESTERN RESERVE UNIVERSITY, 
CLEVELAND, O., June, 1902. 





[CONTRIBUTION FROM THE HAVEMEYER LABORATORIES, COLUMBIA UNI- 
VERSITY, No. 69. ] 


ON THE MANGANESE FERROCYANIDES. 


By ALBERT ERNEST DICKIE. 


Received August 2, 1902. 

Tuis work was undertaken to throw further light on the com- 
position of the manganese ferrocyanides as seemed warranted by 
the discrepancies in the results obtained previously by Wyrouboff,* 
Stone and Van Ingen,? and Miller and Mathews.’ 

Wyrouboff, by precipitating a manganous salt with potassium 
ferrocyanide, obtained a compound to which he ascribes the for- 
mula 5Mn,Fe(CN),.4K,Fe(CN),.4H.O, and by using hydro- 
ferrocyanic acid he obtained the normal manganese ferrocyanide 
Mn,Fe(CN),.7H,O. In either case he found it to be immaterial 
which reagent was used in excess. 

Stone and Van Ingen obtained results expressed in atomic ratios 
as follows: 


Mn. Fe. 
In neutral solution, excess ferrocyanide...........- 3 3 -1é0 
“ “ “ “6 MANQAanes€ « - +++ eee eeeee 95 : 100 
“ce oe “ce “ee “ce A Sane-anes 92 ° 100 
‘* faintly acid solution, excess manganese....-.-.-- I0I : I00 
rr more “é “ “ce “c Pe a ee 133 : 100 
ae “ce “ce “cc ae “ce , Pre 107 . 100 


1 Ann. chim. phys., [5], 8, 474. 
2 This Journal, 19, 542. 
3 Jbid., p. 547. 
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Miller and Mathews obtained in slightly acid solution : 


With excess of ferrocyanide ...+.-..+.seseeeeeeeee 
- si ‘© MANGANESE .-. eee eee eececeeececees 


In the new series of experiments we have obtained : 


Ferrocyanide in 
excess. 


Mn. Fe. 
In neutral solution.........--++-++ 103 : 100 
In acid solution 10 cc. hydrochloric 
acid (1.20) per liter..........+- 106 3. +700 
In acid solution ro cc. acetic acid 
(50 per cent.) per liter ......... IOI to 102 : 100 
In presence of ammonia and ammo- 
SUTIIEU CHIOLIIE 6 5.0.05 0.0s000ce%0ss decomposed 


From the above comparative statements of results the reader is 


left to draw his own conclusions. 


NOTES. 


Note on the Preparation of Metallic Lithium. 
method is a modification of that of Bunsen and 


~ ones 


—_—— 














\ i 
the electrolysis of fused lithium chloride, and will 
good results. 











105 to108: 100 
IIotoIII: I00 


Manganese in 
excess. 
Mn. Fe. 


107 to 108 : 100 
107 to IIo : 100 
107 : 100 


no test for potas- 
sium 


—The following 
Matthiessen for 


be found to give 
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The apparatus consists of an ordinary porcelain crucible, about 
two inches in diameter and one and three-quarters inch high, fitted 
with a partition of asbestos-board reaching almost to the bottom. 

The anode is a pencil of gas carbon which is immersed in the 
fused chloride on one side of the asbestos diaphragm, the cathode 
being of iron wire bent into the form shown and placed in the 
electrolyte on the other side. 

A current of from 5 to 7 amperes is used from the 110-volt 
circuit, and in a few minutes a globule of metallic lithium will ap- 
pear in the iron wire loop, which may be transferred to a vessel of 
kerosene by withdrawing the wire and tapping off the metal while 
it is still melted. 

The lithium chloride must be dry and is first fused in the cru- 
cible over the gas flame, and during the electrolysis is kept in the 
molten condition by means of a burner placed underneath and also 
by the resistance of the current. 

The modification was worked out mainly by one of my students, 
P. F. Cowing, who obtained considerable quantities of the metal in 
this way. SAMUEL A. TUCKER. 


HAVEMEYER LABORATORIES, COLUMBIA 
UNIVERSITY, May 31, 1902. 


A Novel Constant High Temperature Bath.1—The sulphate 
method, exemplified by the work of G. Kriiss, for the determina- 
tion of the atomic weight of certain elements is open to objections, 
as first pointed out by Brauner and Povlicek and noted by Dennis 
and myself, but it answers very satisfactorily as a criterion in the 
fractionation of the rare earths. Our source of heat is gasoline 
and the gas pressure varies considerably with large classes in the 
laboratories. As the heating continues for days at a time, it 
became quite necessary to devise a bath which might be regulated 
and expected to remain at some fixed temperature between 350° 
and 450° C. The accompanying diagram shows a section of the 
bath designed and is really self-explanatory. It was made by 
Eimer and Amend and paid for in part by a grant from the 
American Association for the Advancement of Science to which I 
owe sincere thanks. 

The apparatus consists essentially of a porcelain-lined water- 


1 Read at the Pittsburg meeting of the American Chemical Society. 
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bath with a copper flange, depressed to support the copper cover, 
bound to the top, and a fusible alloy. The use of a fusible alloy as 
a bath for moderately high temperatures is not new. The flange 
has three sections, I cm. across, cut out equidistant to permit the 


passage of the copper springs, which hold the iron float depressed 


in the molten alloy, when it is desired to remove it. The float in 




















ee 





17 LM dda ddd ddddddddad 




















Scale: 5 mm. —2 cm. 


1. Brass sheath for thermometer, graduated to 550°C.; 2. Closed iron cylinder, con- 
taining thermostat ; 3. Copper cover; 4. Iron float, containing crucible molds, 5; held 
down by springs, 6, bearing against flange ; 7. Bath of molten alloy; 8. Asbestos sheath 


ing ; 9. Asbestos cover; 10. Asbestos ring. 

this particular bath has three depressions made to hold evenly 
platinum crucibles of 60 cc. capacity. One is for the counterpoise 
and the third is for the thermometer held in place by a brass sheath 
long enough to allow the bulb to reach the center of the depres- 
sion. The three places were regarded necessary on account of 
danger of introducing impurities into a crucible during the inser- 
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tion or removal of the thermometer, which contains mercury with 
carbon dioxide under twenty atmospheres’ pressure. The ther- 
mometer was standardized at the Reichsanstalt. The float is 
handled by means of a small iron cylinder rising vertically. It is 
much enlarged above the second cover (asbestos) to hold a short 
mercury thermostat made of especially resistant glass. The two 
covers have hit-and-miss slits that they may be taken off for re- 
moval of crucible. All exposed surfaces of the bath, except where 
it is heated, are jacketed with heavy asbestos. The large excess of 
acid sometimes used in the determinations is first driven off in a 
hot air platinum bath (to be described in due time) before the 
crucibles are placed in this bath. Notable corrosion is thus 
avoided. The source of heat is a complex Bunsen burner. 

So far the bath has given perfect satisfaction. 

CHARLES BASKERVILLE. 
UNIVERSITY OF NORTH CAROLINA, 
April, 1902. 

On an Adulteration of Lavender Oil with Salicylic Acid—A 
French lavender oil, which the following constants showed to be 
of good quality, 

d,,0 = 0.893, 

[a]p = 6° 42’, 

Acid number = 4.48, 

Ester content = 35.52 per cent. as linanyl acetate, 

Soluble in 2.5 vol. and more 7o per cent. alcohol, 
turned red after some time, something never observed before in 
lavender oil. This discoloration was traced back to salicylic acid, 
which evidently had acted on some defective parts inside the 
tinned cans. 

The salicylic acid was isolated from the oil by shaking the same 
with a potash solution of 10° Bé. Hydrochloric acid precipitated 
the organic acid from the alkaline solution. Another part could 
be obtained by extracting the filtrate with ether. The acid was 
purified by repeated fractional precipitation with hydrochloric acid 
from its alkaline solution, recrystallization out of chloroform and 
finally out of water with addition of some animal charcoal. The 
white crystals, now quite odorless, melted at 156°-157°. They 
were identified as salicylic acid by the characteristic violet colora- 
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tion with ferric chloride solution and the odor of salicyl methyl 
ester by heating with methyl alcohol and sulphuric acid. 

The acid number of the oil indicates 1.104 per cent. salicylic 
acid, but as some of the acid reaction is due to the natural oil any- 
how, one can guess that about 1 per cent. of salicylic acid has been 
added, and this is an amount, which it would hardly pay to put in. 
In my opinion it was a test case, to see if the sophistication would 
be found out, with the intention of putting more in the next time 
and also to use an oil of a poorer quality, anticipating that the 
analyst would neglect the acid number and figure the whole 
saponification number for esters. 

The oil did not contain any salicylic ester: no fraction of the oil, 
distilled in vacuo, gave a violet color with ferric chloride solution. 

An alcoholic solution of a pure lavender oil does not show any 
red or violet color with ferric chloride, but an oil adulterated with 
salicylic acid will. 

The occurrence of this attempt of adulteration adds salicylic 
acid to the list of other materials, as succinyl methyl ester,? rosin? 
and benzoic acid,* already found in lavender oil, put in to raise 
the ester content found by analysis or else obscure the analysis. 

J. EverHARD WEBER. 


CHEMICAL LABORATORY OF THE PROCTER 
AND GAMBLE Co., IVORYDALE. 


The Production of Acylamines by the Interaction of Sodium 
Salts of Monobasic Acids and Amine Hydrochlorides—On page 
758 (August number) of this Journal, Frederick L. Dunlap pub- 
lishes a paper under the above heading. Dr. Dunlap produces 
some aceto compounds by the action of an acetate on the hydro- 
chlorides of various amines. He states that he is aware of the 
existence of United States Patents Nos. 574,395 and 574,396 “For 
the manufacture of acetanilide.’ He goes on to show that the 
method which he outlines is a general one. He fails to state that 
the patents cited make a specific point of the general nature of 
the reaction in question; that, in fact, the letters patent are 
granted, not “For the manufacture of acetanilide,” but for a 
“Process for obtaining aceto derivatives of aromatic amines.” 


1 Schimmel's Report, April, 1897, p. 24. 
2 Jbid., October, 1900, p. 41. 
3 /bid., April, 1902, p. 46. 
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He fails to state that the inventors specifically named a number of 
such amines; that they did not confine themselves to the hydro- 
chlorides, but investigated various salts of such amines, e. g., the 
sulphates; and they also availed themselves of the well defined 
acid acetates such as KC,H,O,C,H,O,. 

Dr. Dunlap entirely ignores the work of the patentees, the 
writer and Dr. Wm. H. Warren, on the production of such aceto 
compounds from mixtures of an acetate, the amine and the salt of 
- a volatile base as indicated in the following equation: 

RNH, : MC,H,O, : NH,Cl = RNHOC,H, : MCl: NH, : H,O. 

The general method of Varley’ for the production of various 
amides is also set forth in Dr. Dunlap’s paper without the slightest 
reference to the former’s extended work on the subject. The 
method of manipulation, it is true, differs somewhat, as Dr. Dun- 
lap works in a closed tube, while Varley worked in open vessels,on 
larger quantities and with better yields. Varley’s work was 
simultaneons with that of the writer and Dr. Warren, but entirely 
independent. 

Dr. Dunlap’s statement regarding “The Literature” is true so 
far as our work is concerned, if one may entirely ignore the 
patent reports of this and foreign countries. It is not true as 
regards Varley’s work. It would seem difficult to understand 
how Dr. Dunlap could have ignored Varley’s work entirely and, 
also, the general nature of cur reaction when that was fully set 
forth even in the title of the patent, not to speak of the broader 
scope of our work, embracing, as it did, salts in general, the acid 
salts, the use of a salt of a more volatile base and, in a general 
way, the influence of the amounts of the various reacting sub- 
stances. The last subject was not treated at length by us for the 
reason that the reaction seemed to follow parallel lines with that 
of acetic acid and aniline as studied out by Menschutkin,—the 
mineral salt seeming to be more or less inert after being formed 
in the melt. An excess of acid and acetate over amine was bene- 
ficial, as would be expected ; and a still greater excess of acetate is 
preferable to prevent the possibility of free mineral acid. This 
is, of course, provided the yield is to be calculated from the amine. 

It is not necessary here to repeat the details set forth in the 


1 Bull. Soc. Chim., [3], 9, 690-692; Ber. d. chem. Ges., 26, R. 881. 
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patents referred to. It seems, however, not out of place to call 
attention to the reaction as worked out by Dr. Warren and the 
writer, since Dr. Dunlap seems to have overlooked its general 


nature. R. W. CorNnELISON. 


BLOOMFIELD, N. J., 
August 8, 1902. 














